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B2^CK6ROUND OF THE INVENTION 

1. Field of the Inven-klon 

[0001] 

The present Invention relates to a receiver 
Including a direct conversion circuit for use In a receiver 
which performs quadrature demodulation, and more particularly 
to a receiver which can Improve an Image signal rejection 
ratio and further reduce a load of hardware or processing. 

2. Description of the Related Art 

[0002] 

In a conversion circuit of a direct conversion 
system which Is one of conversion systems for use In a 
receiver, and the lllce, when a modulated ratio wave Is 
received, almost the same frequency of a carrier wave signal 
(local frequency) as that of a central frequency (desired 
reception frequency) of this received signal Is output by a 
local oscillator, so that the received signal and a local 
oscillation signal from this local oscillator are mixed to 
thereby convert a reception wave In an RF band directly Into 
a base band signal, which Is then detected and demodulated. 

[0003] 

By such a direct conversion system, however, since 
the frequency of a carrier wave output from the local 
oscillator Is the same as a desired reception frequency, such 



a direct: current (DC) offset phenomenon occurs that the 
output from the local oscillator is input again to another 
input of a multiplication process and multiplied again by the 
output of the local oscillator to thereby offset a DC 
conqponent of the base band signal or such a fundamental 
problem occurs that 1/f noise is generated because an 
intermediate frequency of the base band signal obtained by 
the multiplication is nearly zero (0) . This has made it 
difficult to receive signals stably in a broad band. 
[0004] 

To solve the problem, there is a direct conversion 
circuit eniploying a low intermediate frequency (IF) system. 

By a direct conversion method of the low IF system, 
an offset frequency (difference in frequency) having such an 
extent as not to generate a DC offset or 1/f noise is given 
between a desired reception frequency and a frequency output 
by the local oscillator, then converted to a low IF, so that 
the reception signal is converted in frequency by digital 
signal processing using the offset frequency. Accordingly, 
in-phase and quadrature outputs are obtained. 
[0005] 

In the low IF system, however, it is necessary to 
suppress an image signal at an image frequency so that it may 
not overlap with the desired signal. 

The above-described conventional direct conversion 
of the low IF system has a problem that it is difficult to 
sufficiently attenuate an image frequency signal contained in 



a reception signal with respect to a desired wave at a band 
pass filter. Therefore, it may sometimes be necessary to 
vary the intermediate frequency, band, and the like of the 
band pass filter. 
5 That is, it is difficult to obtain wide band 

characteristics of a receiver including the direct conversion 
and so to dLmplement a wide band low IF receiver. 
[0006] 

To solve the above-mentioned problem of the image 
10 frequency signal, there is such a method as to give 
processing way for rejecting the image signal . 

By this method, for example, in the low IF- type 
direct conversion receiver, a desired reception signal is 
multiplied by a local-oscillator * s frequency provided with an 
15 offset frequency to be down-converted into an low-XF signal, 
which then undergoes image, signal rejection and then digital 
signal processing to convert the offset frequency, thus 
obtaining in-phase and quadrature outputs . 
[0007] 

20 Note here that one conventional technology related 

to a direct detection-system receiver is disclosed in 
Japanese Patent Application Laid-Open No. Hei 10-70482 
published on March 10, 1998 (Applicant: Philips Electronics., 
Nemrose, Fennohtsharp , Inventor: Paul, Anthony, Moore, et 

25 al.) . 

This conventional technology provides an integrated 
receiver using a local oscillator which oscillates an 
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intermediate frequency of a desired signal wave higher than 
that of an interference signal wave directly detected to 
thereby down-convert the frequency of an input signal. 
Accordingly, the influence of an interference signal can be 
5 removed (see Patent Document 1) . 
[0008] 

Moreover, another conventional technology related to 
the direct; conversion system is described in Japanese Patent 
Application Laid-ppen No. 2001-77717 titled "Receiver" laid- 
10 open on March 23, 2001 (Applicant: Toshiba Corp., Inventors: 
Hiroshi Tsurumi , et al . ) . 

According to this conventional technology, there is 
provided a receiver for collectively receiving a system band 
which is an object to select a channel by digital processing. 
15 In the receiver, after the received signal is quadrature- 
demodulated at a local frequency, the image signal is 
suppressed. Alternatively, after the quadrature-demodulated 
signal is converted to a digital signal, the image signal is 
suppressed. A desired channel is demodulated by the digital 
20 processing, and selected. Accordingly, a broad band is 

collectively received, and flexible processing by the digital 
processing is possible. Moreover, sufficient image signal 
suppression is obtained (see Patent Document 2) . 

[0009] 

25 Furthermore, the conventional technology of a 

decimation filter related to the present invention is 
described in: Japanese Patent Application Laid-Open No. 5- 



175785 titled "Digital Filter for Decimation" laid-open on 
July 13, 1993 (Applicant: Matsushita Electric Industrial CO., 
Ltd., Inventors: Tetsuhiko Kaneaki, et al.) (see Patent 
Document 3) ; Japanese Patent ^plication Laid-Open No . 5- 
5 299973' titled "Decimation Filter" laid-open on November 12, 
1993 (Applicant: Fujitsu Ltd., Inventors: Nobukazu KOIZUMI, 
et al. ) (see Patent Document 4); Japanese Patent Application 
Laid-open No. 10-209815 titled ''Decimation Filter" laid-open 
on August 7, 1998 (Applicant: Matsushita Electric Industrial 

10 CO., Ltd., Inventors: Hideaki Hatanaka, et al . ) (see Patent 
Document 5) ; Japanese Patent Application Laid-ppen No. 2001- 
77667 titled "Decimation Filter" laid-open on March 23, 2001 
(Applicant: Hitachi, Ltd., Inventors: Haruhiro Hasegawa, et 
al.) (see Patent Document 6); and the like. 

15 [0010] 

Additionally, the conventional technology related to 
a receiver for demodulating a digital modulation signal using 
a digital signal processing technology is described in 
Japainese Patent Application Laid-Open No. 10-209904 titled 

20 "Receiver" laid-open on April 7, 1998 (Applicant: Hitachi 
Electronics, Ltd., Inventors: Hirotake Wakai, et al.). 

According to the conventional technology, there is 
provided a receiver including means for limiting a band of a 
frequency-converted signal to that of an IF signal by a band 

25 pass filter. After A/D conversion, deviation of the 

intermediate frequency is corrected by a coxnplex processing 
circuit, and the signal is filtered in a narrow base band by 
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the digital filter to obtain a demodulated output. 
Accordingly, band pass processing is carried out with a 
broad-band analog filter, and narrow-band filter processing 
is carried out after the A/D conversion, so that 
5 mamufacturing cost of the analog filter is reduced. The 

circuit which obviates necessity for an IF filter equalizer 
for correcting characteristics can be realized (see Patent 
Document 7) . 

[0011] 

10 Patent Dociiments 1 to 7 denote Japanese Patent 

Application Laid-Open Nos. 10-70482, 2001-77717, 5-175785, 5- 
299973, 10-209815, 2001-77667, and 10-209904, respectively. 
[0012] 

In the conventional direct conversion circuit, 
15 however, since image rejection processing is analog 

processing, coefficient errors of the analog filter are 
generated by fluctuations of an analog device, and there 
exists a problem that an image rejection ratio is not 
sufficient. 

2 0 For example, when the fluctuation of a device value 

is 1% in terms of an average value, such a problem occurs 
that an image signal suppression ratio of about 40 dB is a 
limit in the analog processing and efficiency of image signal 
rejection is bad. 

25 



i 
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SUMMARY OF THE INVENTION 
[0013] 

Then, as a me'thod for solving a problem 'bha'b tiie 
5 image signal rejection ratio is not sufficient because of the 
coefficient error of the analog filter, there has been 
proposed a direct conversion circuit for processing the 
digital signal to remove the image signal so that the image 
signal rejection ratio is enhanced. 
10 In the direct conversion circuit proposed, the image 

signal is rejected by the processing of the digital signal in 
the receiver of the low IF system. 
[0014] 

In the proposed direct conversion circuit, the 
15 digital signal is processed to reject the iiaage signal. 

Therefore, the image signal suppression ratio of about 60 dB 
is possible. However, with the low IF system constituted as 
a broad-band receiver, when a broad-band signal is converted 
down and subsequently the desired wave is selected by a 
20 channel selection filter, a filter having strict 

characteristics of the narrow band by the digital signal 
processing is required, and a load onto the filter processing 
raises a problem. 
[0015] 

25 Moreover, with the use of the method for processing 

the digital signal to reject the image signal as in the 
proposed receiver of the low IF system, since a multiplier 



(mixer) or 90® phase shifter carries out the analog 
processing, phase and amplitude errors generated by the 
analog processing are not considered in rejecting the image 
signal . 

[0016] 

The present invention has been developed in view of 
the above situation, and an object of the present invention 
is to provide a receiver which solves such a problem as to 
strictly realize channel selection filter characteristics in 
extracting a narrow band signal from a broad band signal by 
digital signal processing and which improves an image 
rejection ratio and which can reduce a load of hardware or 
processing to realize a channel selection filter for 
extracting the narrow band signal . 
[0017] 

Mbreover, another object is to provide a receiver 
for correcting phase and anqplitude errors caused by analog 
devices such as a multiplier (mixer) and 90*" phase shifter by 
digital signal processing so that the load of the hardware or 
processing is reduced and the image rejection ratio can also 
be ixnproved. 

[0018] 

According to the present invention, there is 
provided a receiver which converts a band to a base band by a 
local oscillator of a quadrature carrier wave signal to 
perform demodulation processing, comprising: a broad band 
limiting section which limits the band with respect to a 



received signal in a broad band; a first: frequency conversion 
section which conver'ks a frequency of the band- limi -bed 
received signal into a low band at a local oscillation 
frequency having an offset with respect to a reception 
frecpiency; a digital conversion section which converts the 
frequency-converted received signal to a digital signal at a 
specific sampling frequency; an image rejection section which 
subjects the digital signal to image rejection processing; a 
narrow band limiting section which extracts a narrow band 
signal of a desired wave from an image-rejected broad band 
signal; a second frequency conversion section which performs 
frequency conversion processing to remove the offset from the 
narrow band signal; a third frequency conversion section 
which reduces the frequency with respect to the image- 
rejected signal; and a rate conversion section which subjects 
an output from the third frequency conversion section to rate 
conversion to lower the sampling frequency, wherein the 
narrow band limiting section extracts the narrow band signal 
of the desired wave from the rate-converted broad band signal, 
so that an image rejection ratio is improved and further a 
load of hardware or processing for realizing a channel 
selection filter to extract the narrow band signal can be 
reduced . 

[0019] 

According to the present invention, in the receiver, 
a plurality of sets of the iioage rejection section, third 
frequency conversion section, and rate conversion section are 
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continuously connected and disposed, so that the xmage 
rejection ratio is further improved and further the load of 
the hardware or processing for realizing the channel 
selection filter to extract the narrow band signal can be 
5 reduced. 

[0020] 

According to the present invention, in the receiver, 
tiie image rejection section includes: a HlIaBERT filter which 
subjects a quadrature component of the inputted digital 

10 signal to 90-degrees phase shift processing by HILBERT 

conversion; a delay unit which delays and outputs an in-phase 
component of the inputted digital signal by the same time as 
a delay time in the HILBERT filter; and an adder which 
performs addition/sttbtraction with respect to outputs from 

15 the HILBERT filter and delay unit. Since the processing for 
rejecting an image frequency signal is carried out by the 
digital signal processing, the image rejection ratio can be 
improved . 

[0021] 

20 According to the present invention, in the receiver, 

the rate conversion section is a decimation filter which 
lowers the sampling frequency by decimation-in-time 
processing. Therefore, the image rejection ratio is improved, 
while the load of the hardware or processing for realizing 

25 tiie channel selection filter to extract the narrow band 
signal by a simple configuration can be reduced. 
[0022] 



According to the present invention, there is 
provided a receiver which converts a band to a base band by a 
local oscillator of a quadrature carrier wave signal to 
perform demodulation processing, comprising: a first 
frequency* conversion section which converts' a frequency to' 
that of a low frequency band at a local oscillation frequency 
having an offset with respect to a reception frequency; an 
analog-digital conversion section which converts the 
frequency-converted received signal to a digital signal from 
an analog signal; a phase deviation correction processing 
section which corrects a phase deviation of the signal 
converted to the digital signal; an image rejection section 
which subjects the digital signal corrected in phase 
deviation to image rejection processing; a narrow band 
limiting section which extracts a bcuid signal of a desired 
wave from the image-rejected broad band signal; and a second 
frequency conversion section which subjects the band signal 
of the desired wave to frequency conversion processing for 
removing the offset. Therefore, while the load of the 
hardware or processing is reduced, the phase deviation caused 
by an analog device is corrected, and the image rejection 
ratio can be improved. 
[0023] 

According to the present invention, there is 
provided a receiver which converts a band to a base band by a 
local oscillator of a quadrature carrier wave signal to 
perform demodulation processing, comprising: a first 
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frequency conversion section which converts a frequency to 
that of a low frequency band at a local oscillation frequency 
having an offset with respect to a reception frequency; an 
analog-digital conversion section which converts the 
frequency-converted received signal to a digital signal from 
an analog signal; an amplitude deviation correction 
processing section which corrects an amplitude deviation with 
respect to the signal converted to the digital signal; an 
image rejection section which subjects the digital signal 
corrected in the amplitude deviation to image rejection 
processing; a narrow band limiting section which extracts a 
band signal of a desired wave from an image-rejected broad 
band signal; and a second frequency conversion section which 
performs frequency conversion processing to remove the offset 
from the band signal of the desired wave. Therefore, while 
the load of the hardware or processing is reduced, the 
amplitude deviation caused by the analog device can be 
corrected to improve the image rejection ratio. 
[0024] 

According to the present invention, there is 
provided a receiver which converts a band to a base band by a 
local oscillator of a cjuadrature carrier wave signal to 
perform demodulation processing, comprising: a first 
frequency conversion section which converts a frequency to 
that of a low frequency band at a local oscillation frequency 
having an offset with respect to a reception frequency; an 
analog-digital conversion section which converts a frequency- 



- 13 - 

converted received signal to a digital signal from an analog 
signal; a phase deviation correction processing section which 
corrects a phase deviation with respect to the signal 
converted to the digital signal; an amplitude deviation 
5-^ correction processing section which corrects an axnplltude 
deviation; an Image rejection section which subjects the 
digital signal corrected In the phase and amplitude 
deviations to Image rejection processing; a narrow band 
limiting section which extracts a band signal of a desired 

10 wave from an Image-rejected broad band signal; and a second 
frequency conversion section which subjects the band signal 
of the desired wave to frequency conversion processing for 
removing the offset. Therefore, while the load of the 
hardware or processing Is reduced, the amplitude and phase 

15 deviations caused by the analog device cajn be corrected to 
Improve the Image rejection ratio. 
[0025] 

According to the present Invention, In the receiver, 
the phase deviation correction processing section multiplies 

20 In-phase and quadrature cosKponents of the Inputted digital 

signal to detect the phase deviation, multiplies the detected 
phase deviation by the In -phase component, and subtracts a 
multiplied result from the quadrature component to obtain a 
quadrature output. Therefore, while the load of the hardware 

25 or processing Is reduced with slxuple configuration euid 

processing, the phase deviation caused by the analog device 
can be corrected to improve the image rejection ratio . 
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[0026] 

According to the present invention, in the receiver, 
the amplitude deviation correction processing section 
calcu'latesr the ainplitude deviation by a value of a difference 
5: between scpiare values of the in-phase and quadrature 

components of the inputted digital signal, and multiplies the 
value obtained by subtraction or addition of a value of the 
axoplitude deviation with respect to a value proportional to 
an. input ainplitude by the quadrature component to obtain the 
10 quadrature output. 

Therefore, while the load of the hardware or 
processing is reduced with the simple configuration and 
processing, the amplitude deviation caused by the analog 
device can be corrected to improve the ixoage rejection ratio. 

15 

BRIEF DESCRIPTION OF THE DRAWING 
[0027] 

FIG. 1 is a configuration block diagram showing a 
principle configuration example of a direct conversion 
2 0 circuit according to a first embodiment of the present 
invention; 

[0028] 

FIG. 2 is a block diagram showing an inner 
configuration example of a digital signal processing section 
2 5 in the direct conversion circuit according to the first 
embodiment of the present invention; 
[0029] 



- 15 - 



FIG. 3 Is an^ explanatory view showing processing 
results in the direct conversion circuit of the present 
invention on frequency spectrum;: 
[0030] 

5 FIG. 4 is a block' diagram showing a concrete 

configuration example inside a digital signal processing 
section of the direct conversion circuit, according to the 
first embodiment of the present invention; 
[0031] 

10 FIG. 5 is a block diagram showing a concrete 

configuration exaxnple of a HILBERT filter in the direct 
conversion circuit of the present invention; 
[0032] 

FIG. 6 is a block diagram showing a concrete 
15 configuration exainple of complex frequency converters 22, 25 
in the direct conversion circuit of the present invention; 
[0033] 

FIG. 7 is a block diagram showing a concrete 
configuration exeunple of a complex frequency converter 28 in 
20 the direct conversion circuit of the present invention; 
[0034] 

FIG. 8 is a block diagram showing a first 
configuration example inside the digital signal processing 
section in the direct conversion circuit according to a 
25 second embodiment of the present invention; 
[0035] 

FIG. 9 is a block diagram showing a second 
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configuration exanxple inside the digital signal processing 
section in the direct conversion circuit according to the 
second embodiment o£ the present invention; 
[0036] 

5 fig; 10 is a block diagram^ showing an- inner 

configuration example of a complex frequency conversion 
section inside the digital signal processing section of the 
present invention; 
[0037] 

IQ FIG. 11 is a block diagram showing a third 

configuration exaxnple using the HILBERT filter instead of the 
coxnplex frequency conversion section of FIGS. 8, 9 with 
respect to a portion for performing image rejection 
processing; 

15. [0038] 

FIG. 12 is a block diagram showing a fourth 
configuration example using a complex coefficient filter 
instead of the complex frequency conversion processing 
section of FIGS. 8, 9 and the HILBERT filter of FIG. 11 with 

20 respect, to the portion for performing the image rejection 
processing; 

[0039] 

FIG. 13 is an explanatory view showing principle of 
image rejection by the complex coefficient filter; 
25 [0040]; 

FIG. 14 is a block diagram showing a principle 
configuration example of a phase correction processing 
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section inside the digital signal processing section 
according to the second embodiment of the present inventions 
[0041] 

FIG. 15 is a block diagram showing a principle 
5 configuration example of an amplitude correction processing 
section inside the digital signal processing section 
according to the second embodiment of the present invention; 
[0042] 

FIG. 16 is a block diagram showing a concrete 
10 configuration example of the phase correction processing 

section in the digital signal processing section according to 
the second embodiment of the present invention; and 
[0043] 

FIG. 17 is a block diagram showing a concrete 
15 configuration example of the axnplitude correction processing 
section in the digital signal processing section according to 
the second embodiment of the present invention. 
<Description of Reference Numerals> 
[0044] 

20 1... .band pass filter (BPF) , 2 ... amplifier , 3, 

4. - .multiplier, 5, 5' . . .local oscillator, 6. . .90'' phase 
shifter, 7, 8 . . . low pass filter (LPF) , 9, 10. ..AD converter, 
11... base band demodulation section, 12 ... frequency 
conversion processing section, 13, 13 '...image rejection 

25 processing section, 20, 20 .digital signal processing 

section, 21, 24... image rejection processing section, 22, 25, 
28. ..complex frequency converter, 23, 2 6... rate conversion 
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processing section, 27a, 27b . .band filter , 29 .demodulation 

processing section, 30. , .delay unit, 31, 33. .adder, 

32. ..multiplier, 40, 44... SIN table, 41, 43, 46, 47, 48, 

49. . .multiplier, 42, 45 ... COS table , 50 subtracter, 

5 51... adder, 61, 81 .. .delay unit, 62, 82 .. .HILBERT filter , 63, 
83.. .adder, 71a, 71b. . .low pass filter, 72a, 72b. ..decimate 
processing; section, 121 .. .amplitude correction processing 
section,. 122... phase correction processing section, 123, 
123 ' . . .image rejection processing section, 124 . . .coznplex: 

10 frequency conversion section, 125, 126... low pass filter 

(ZiSF) , 127, 127 .complex frequency conversion section, 128a, 
128b. . .LPF, 129. . .demodulation processing section, 
131. . .HILBERT filter, 132 ... delay unit , 133... adder, 
141... SIN table, 142... COS table, 143, 144, 145, 

15 146 multiplier, 147, 148. . .adder, 151. . .coefficient a, 

152. . .coefficient b, 153, 154, 155, 156 .. .multiplier , 157, 
158... adder, 161, 162 .. .multiplier , 163... adder, 164... LPF, 
165. . .integrator, 166 .multiplier , 169 ... control loop, 171, 
173 . - . square unit, 172 . . .multiplier, 174 . . . subtracter, 

20 175... LPF, 176. . -integrator, 177 .. .multiplier , 178... adder, 
179. . .control loop, 183... adder, 184, 186 .. .multiplier , 
185. . .delay unit, 188. . .adder, 189. . .delay unit, 193. . .adder, 

194, 196 multiplier, 195. . .delay unit, 198... adder, 

199. . .delay unit 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0045] 
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Ezobodimen'bs of the presen^b xnvexi'bioxi will be 
described wi-bh reference -to the drawings . 

It: is to be noted that function' realization means 
described hereinafter xoay be any circuit or apparatus as long- 
as a function can be realized, or the function may partially- 
or wholly be realized by software. Furthermore, the function 
realization means may also be realized by a plurality of 
circuits, and a plurality of function realization means may 
also be realized by a single circuit. 

[0046] 

First, a receiver including a direct conversion 
circuit according to a first embodiment of the present 
invention will be described. 

For the receiver including the direct conversion 
circuit according to the first embodiment of the present 
invention, one set or a plurality of sets of an image 
rejection section for receiving a digital signal of an in- 
phase component and that of a quadrature component which are 
dietected in a quadrature manner using a local oscillator for 
oscillating a carrier wave at a frequency of a reception 
frequency plus an offset to reject an image frequency signal 
included in a received signal by a digital signal processing 
section, a. frequency conversion section for lowering the 
frequency with respect to an image-rejected signal, and a 
rate conversion section which converts a rate to lower a 
sampling frequency are continuously connected to one another 
to lower the sampling frequency. Subsequently, a narrow band 



signal of a desired wave is exi:rac1:ed from a broad band 
signal, and the offset provided at a. local oscillator at the 
time of quadrature detection is removed. Therefore, while an 
image re3ection ratio is improved, a load of hardware or 
processing for realizing a channel selection filter to- 
extract the narrow band signal can be reduced. 
[0047] 

First, a principle configuration of the direct 
conversion circuit according to the- first embodiment of the 
present invention will be described with reference to FIG. 1. 
FIG. 1 is a configuration block diagram showing the principle 
configuration example of the direct conversion circuit 
according to the first embodiment of the present invention. 
[0048] 

As shown in FIG. 1, a low-IF type direct conversion 
circuit (the present circuit) according to the first 
embodiment of the present invention includes: a conventional 
configuration including a band pass filter (BPF) 1, amplifier 
2, multiplier 3, multiplier 4, local oscillator 5', 90*" phase 
shifter 6, low pass filter (LPF) 7, low pass filter 8, AD 
converter 9, and AD converter 10; and further a digital 
signal processing section 20 which is a characteristic part 
of the present invention. 
[0049] 

It is to be noted that correspondence between 
components in the first ^nbodiment and those of FIG. 1 will 
be described. A broad band limiting section corresponds to 
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the band pass filter 1 and low noise amplifier 2, a first 
frequency conversion section corresponds to the multipliers, 3, 
A, local oscillator 5', 90"* phase shifter 6,. and low pass 
filters 7, 8, and a digital conversion section corresponds to 
5 the AD converters 9, 10:. 
[0050] 

Next, the respective components of the present 
circuit will be described. First, the conventional 
constituting components will be described. 
10 The band pass filter 1 is of a typical type for 

filtering a received signal inputted through an aerial wire 
into required band and attenuation level to extract and 
output a signal in a desired freqpiency band. 

The amplifier 2 is of a typical type which has a 
15 predetermined required amplification factor for the receiver. 
[0051] 

The local oscillator 5' is of a typical type for 
outputting a carrier wave at the same frequency as a 
reception frequency. 
20 The 90** phase shifter 6 shifts a signal outputted 

from the local oscillator 5' by 90** in phase. 

The multiplier 3 multiplies the received signal and 
the carrier wave at the same frequency as the reception 
frequency outputted from the local, oscillator 5' to output an 
25 in -phase coxnponent. 

The multiplier 4 multiplies the received signal and 
the carrier wave obtained by shifting the carrier wave at the 
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same frequency as i:he receptxon frequency sent from the local 
oscillator 5' by 90'' in phase by the 90"^ phase shifter 6 to 
output a quadrature component . 
[0052] 

5: The low pass filter (LPF) 7 is of a; typical type for 

rejecting a double wave of the in -phase component outputted 
from the multiplier 3 . 

The low pass filter (LPF) 8 is of a typical type for 
rejecting a double wave of the quadrature, component outputted 
10 from the multiplier 4. 

[0053] 

The AD converter 9 converts an analog signal into a 
digital one to output the digital signal of the in-phase 
component . 

15 The AD converter 10 converts the analog signal into 

the digital one to output the digital signal of the 
quadrature componen t . 
[0054] 

A basic operation of the conventional constituting 
20 components of the direct conversion circuit shown in FIG. 1 

will be described. For the received signals inputted via the 
aerial wire, signals other than an image signal are rejected 
in accordance with the required band or attenuation level by 
the band pass filter (BPF) 1, and the signal is linearly 
25 amplified at a predetermined required axoplif ication factor 
for the receiver in the amplifier 2 . 
[0055] 
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Subsequeix'tly , "bile amplified received signal from tiie 
amplif ier 2, Is mult:lplled by the carrier wave at the 
reception frequency from the local oscillator 5' plus the 
offset frequency In the multiplier 3 to output the In-phase 
5 component. Moreover, the signal Is multiplied by the carrier 
wave obtained by shifting the phase of the carrier wave from 
the local oscillator 5' by 90** by the 90"* phase shifter 6 by 
the multiplier 4 to output the quadrature component. 

Moreover, for the In -phase and quadrature components, 
10 the double wave Is removed by the low pass filters 7, 8, the 
analog signal Is converted to the digital signal by the AD 
converters 9, 10, and the In-phase and cpiadrature outputs of 
the digital signal are obtained. 
[0056] 

15 Subsequently, In the "Direct Conversion Circuit" 

proposed In Japanese Patent Application No. 2002-083191, an 
Image rejection section by digital processing Is disposed In 
a rear stage of the AD converters 9 and 10 to reject the 
Image signal by the digital signal processing. In a 

20 subsequent frequency conversion processing section, the 

frequency Is converted by the offset frequency,, demodulation 
processing Is performed by a base band demodulation section, 
and the signal Is outputted. 
[0057] 

2 5 On the other hand, for the digital signal processing 

section 20 of the present Invention,, with respect to the 
digital signal of the In-phase and quadrature components of 
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the received signal converted at the local oscillation 
frequency including the offset, image rejection processing 
for rejecting the ixoage frequency signal (image signal)^ 
included in the received signal by the digital signal 
5*^ processing is combined witii frequency conversion processing 
and rate conversion (decimation) processing for lowering the 
sampling, frequency. After carrying out. the combined 
processing once or a plurality of times, frecpiency conversion 
processing is carried out to limit the band by the channel 
10 selection filter and to extract a desired wave signal and to 
remove the offset provided by the local oscillator. Finally, 
demodulation processing is carried out. 
[0058] 

An: inner configuration example of the digital signal 
15 processing section 20 in the direct conversion circuit 

according to the first embodiment of the present invention 
will be described with reference to FIG. 2. FIG. 2 is a 
block diagram showing the inner configuration example of the 
digital signal processing section 20 in the direct conversion 
20 circuit according to the first embodiment of the present 
invention. It is to be noted that FIG. 2 shows a 
configuration example in which the combination of the image 
rejection processing, frequency conversion processing,, and 
rate conversion processing is disposed in two stages . 
25 [0059] 

As shown in FIG. 2, the inner configuration example 
of the digital signal processing section 20 in the direct 
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conversion; clrcul-b accordxng to "bhe first: eznbodimen'b of the 
present: Invention is constituted of a first stage including: 
an image rejection processing section 21 for rejecting the 
image signal generated by frequency conversion, in the 
5 previous stage; a complex frequency converter 22 for 

converting the frequency at a frequency L02; and a rate 
conversion processing section 23 for lowering the sampling 
frequency by dec i ma tion - in- time processing. A second stage 
includes: am image rejection processing section 24; a complex 

10 frequency converter 25 for converting the frequency at a 

frequency L03; and a rate conversion processing section 26. 
Furthermore, with respect to the in-phase and quadrature 
contponent signals, a subsequent stage is constituted of: band 
filters 27a, 27b for limiting the band to extract the desired 

15 wave signal; a complex frequency converter 28 for converting 
the frequency at a frequency L04 to remove the offset 
provided at the local oscillator 5 ■ ; and a demodulation 
processing section 29 for carrying out demodulation 
processing. 

20 [0060] 

It is to be noted that the correspondence between 
the respective components in the first embodiment of the 
present invention and the respective components of FIG. 2 
will be described. An image rejection section corresponds to 

2 5 the image rejection processing sections 21, 24, a second 
frequency conversion section corresponds to the complex 
frequency converter 28, a narrow band limiting section 
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corresponds to the band filters 27a, 27b, a third frequency 
conversion section corresponds to the complex frequency 
converters 22, 25, and a rage conversion section corresponds 
to the. rate conversion processing sections 23, 26. 
5 [0061] 

Next, an operation of the direct conversion circuit, 
according to the first embodiment of the present invention 
will be described based on an' operation principle with 
reference, to FIGS. 1, 2, 3. FIG. 3 is an explanatory view 

10 showing processing results in the direct conversion circuit 
of the present invention on frequency spectrum. It is to be 
noted that FIG. 3 shows an exansple in which signals of seven 
channels are disposed as broad band signals and a first 
channel (hatched part in the drawing) is a desired channel 

15 (desired wave) . 

[0062] 

In the direct conversion circuit of the present 
invention, for the received signal inputted via the aerial 
wire, the signals other than the image signal are rejected at 

20 a desired band (on the right side of FIG. 3(a) [broad band 

signal] ) and attenuation level by the band pass filter (BPF) 
1, and the signal is linearly amplified at the predetermined 
amplification factor required for the receiver in the 
amplifier 2 . 

25 [0063] 

Subsequently, the amplified received signal from the 
amplifier 2 is multiplied by the carrier wave at the 



reception frequency from the local oscillator 5' plus the 
offset frequency in the multiplier 3 to output the in-phase- 
component. Moreover, the signal is multiplied by the carrier 
wave obtained by shifting, the phase of the carrier wave from 
the local oscillator 5' by 90° by the 90** phase shifter 6 by 
the multiplier 4 to output the quadrature component. 
[0064] 

The received signal including the desired wave 
(hatched part in the drawing) is multiplied by the carrier 
wave at the frequency oscillated from the local oscillator 5' 
(reception frequency + offset) , down- converted, and 
frequency-converted to a base band (on the left side of FIG. 
3 (a) ) . The desired wave (right hatched part in the drawing) 
is converted to an offset frequency band. 
[0065] 

Subsequently, for the in-phase and quadrature 
components, the double wave is removed by the low pass 
filters 7, 8, the signal is sampled at a sampling frequency 
fs by the AD converter 10, and the analog signal is converted 
to the digital signal (FIG. 3(b)). 

[0066] 

Here, assuming that the amplitude of the output 
signal of the local oscillator 5' is Vc, angular frequency is 
o>c+®Aff the amplitude of the signal component of a 
transmission signal is Vs, angular frequency is Oss/ the 
amplitude of the image signal component is Vi, and the 
angular frequency is cosi, a received signal Vrf inputted into 
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the multipliers 3, 4 is represented by the following, equation, 
Vrf = Vi cos (a>c-©si) t+Vs cos (cOc+Oss) t 
[0067] 

Moreover, assuming that a conversion coefficient of 
5 the mixer in the multiplier 3 is K, an output Vwixor of the 
multiplier 3 is represented by the following equation. 
Vmixoi = K#{Vi*cos(CDc-C0si) t:fVs*cos(a)c+G>ss) t} 

•Vc*cos (a)c+C£>Af ) t . 
Furthermore , an output Vlpfoi of the low pass filter. T 
10 after the double wave is removed from the output of the 
multiplier 3 is represented by the following equation. 
Vlpfoi = { (K*Vi«Vc) /2 }*cos (CDgi+cOAf) t 

+ { (K*Vs«Vc) /2}^aoa (©Af-coss) t 

[0068] 

15 On the other hand, assxuning that the conversion 

coefficient of the mixer in the multiplier 4 is similarly K, 
an output Vmixo2 of the multiplier 4 is represented by the 
following equation. 

Vmixo2 = K* {Videos (COc-Osi) t+Vs*cos ((Dc+®ss) t} 
2 0 •Vc* { - s in ( ©c+cOAf ) t } 

Furthermore, an output Vlpfo2 of the low pass filter 8 
after the dotable wave is removed from the output of the 
multiplier 4 is represented by the following equation. 
V1.PF02 = {-(K«Vi»Vc)/2}*sin(Q)si+©Af)t 
25 +{ (K^Vs^Vc) /2}«sin((0ssra)Af) t 

[0069] 

Moreover, inside the digital signal processing 



section 20 , with- respect to the signal shown in. FIG. 3(b), 
first the image signal is removed by the image rejection 
processing section 21 to reject the signal of an unnecessary 
channel. Furthermore, with respect to the remaining signal, 
the frequency is converted at the frequency L02' in tiie 
complex frequency converter 22. Additionally, the rate 
conversion, processing section 23 carries out 1/2 decimation^ 
processing (sainpling frequency drop: fs/2) to convert, the 
signal to a signal shown in FIG. 3(c) .. 
[0070] 

Here , the carrier wave frequency L02 in the complex 
frequency converter 22 is assumed to be 1/4 of the sampling 
frequency fs in the AD converters 9, 10. 

Moreover, the decimation processing is of a t3fpical 
type for lowering the sampling frequency by the decimation- 
in-time processing to convert the rate. 
[0071] 

Subsequently, further with respect to the signal 
shown in FIG. 3(c) , the image signal is removed by the image 
rejection processing section 24 to reject the signal of the: 
unnecessary channel. Furthermore, with respect to the 
remaining signal, the frequency is converted at the frequency 
L03 in the complex frequency converter 25. Additionally, the 
rate conversion processing section 26. carries out the 1/2 
decimation (sampling frequency drop: fs/4) to. convert the 
signal to a signal shown in FIG. 3(d) . 

Here, the carrier wave frequency L03 in the complex 
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frequency converter 25 is asstimed to be 1/8 of the saxnpling 
frequency fs in the AD converters 9, 10.. 
[0072] 

StO^sequently, further with, respect to: the: signal 
5 shown in. FIG. 3 (d) , the band filters 27a, 27b. limit the band 
for channel selection to extract a desired, signal (desired 
wave) . Furthermore, the complex frequency converter 28 
converts the frequency at the frequency L04 by the offset 
frequency to obtain a base band signal., and the demodulation 
10 processing section 29 carries out demodulation processing to 
output a demodulated signal. 
[0:073] 

The operation in the digital signal processing 
section 20, particularly the processing of* the channel 
15 selection filter (band limiting filter) which has heretofore 
been carried out at the sampling frequency f s in the AD 
converters 9 and 10 by decimation processing in the rate 
conversion processing section 26 can be carried out at the 
frequency which is 1/4 of the: sampling frequency f s in the 
20 band filters 27a, 27b of the present invention. The 
processing can efficiently be carried out.. 

Moreover, the image rejection processing is multi- 
staged, but the sampling frequency is lowered to carry out 
the processing. Therefore, a processing load does not 
25 increase in the image rejection processing. 
[0074] 

It. is to be noted that FIG. 2 shows the 



configuration example including two stages of the 
combinations of the image rejection processing, frequency 
conversion processing, and rate conversion processing. The 
number of stages of ccanbinations is not limited in the 
present invention. 
[0075] 

Next, a concrete configuration example inside the 
digital signal processing section 20 of the direct conversion 
circuit according to the first embodiment^ of the present, 
invention will be described with reference to FIG.. 4. FIG. 4 
is a block diagram showing the concrete configuration example 
inside the digital signal processing section 20 of the direct 
conversion circuit according to the first embodiment of the 
present invention. It is to be noted that FIG. 4 shows the 
configuration example in which the rate conversion processing 
section 26 of FIG. 2 is omitted. 
[0076] 

First, the inner configuration example of the image 
rejection processing section 21 is constituted of a delay 
unit 61, HILBERT filter 62, and adder 63. 

Moreover, the inner configuration example of the 
image rejection processing section 24 is similarly 
constituted of a delay unit 81, HILBERT filter 82, and adder 
83. The operation of each coznponent is the same as that of 
the image rejection processing section 21 . 
[0077] 

Furthermore, the inner configuration example of the 
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rate conversion processing section 23 is constituted of a low 
pass filter 71a and decimate processing section 72a on the 
side of the in-phase component, and a low pass filter 71b and 
decimate; processing section 72b on the side of the quadrature 
component. 

[0078] 

First, each component in the image rejection 
processing sections 21 and 24 will be described. 

The image rejection processing sections 21 and 24 
remove image frequency signals generated by the frequency 
conversion of the previous stage. 

Each component of the image rejection processing 
section 21 is the same as that of the image rejection 
processing section 24 in the configuration and operation. 
Therefore, the configuration inside the image rejection 
processing section 21 will be described. 
[0079] 

The HILBERT filter 62 is a finite impulse response 
(FIR) filter which carries out HILBERT conversion processing 
to carry out phase shift processing for: shifting the phase of 
the input signal by 90 degrees. It is to be noted that the 
concrete configuration example will be described later. 

Moreover r the configuration is not limited to the 
HILBERT filter and another configuration may also be used as 
long as the phase shift processing for shifting the phase of 
the input digital signal by 90 degrees is carried out. 

It is conformed that a large effect of an image 



rejection ratio of 60 dB is obtained in a simulation result 
using the HILBERT filter. Therefore , «ie use of the HILBERT 
filter is considered to be preferable. 
[0080] 

The delay unit 61 delays the input- signal by the 
delay time corresponding to a processing delay time in the 
HILBERT filter 62. 

The adder 63 carries out addition or subtraction 
with respect to the quadrature conponent signal whose phase 
has been shifted by the HILBERT filter 62 by 90**, and the in- 
phase coasponent signal delayed by the delay unit 61. 
[0081] 

Next, each component in the rate conversion 
processing section 23 will be described. 

The rate conversion processing section 23 stabjects 
the digital signal saxnpled by A/D conversion processing to 
the decimation-in-time processing (decimate processing) to 
acquire the digital signal at a frequency lower than the 
saxnpling frequency, so that the rate is converted. 
[0082] 

A concrete method for realizing the rate conversion 
processing section 23 is a technology known as the decimation* 
filter, and the inner configuration is not limited in the 
present invention. 

The known technology of the decimation filter is 
described in detail in Japanese Patent Application Laid-ppen 
No. 10-209815 "Decimation Filter". 
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The inner configuration example of the rate 
conversion processing section 23 shown din FIG. 4 is one 
example . 

[0083] 

5 The. low pass filters (LPF) 71a and 71b operate with 

a clock at the same frequency as the. sampling frequency of 
the input signal, and reduce aliasing by decimation. 
[0084] 

With respect to the in-phase and quadrature 
10 components, the decimate processing sections 72a and 72b 

output a signal string whose sampling frequency is lowered by 
the low pass filters 71a and 71b. 
[0085] 

The complex frequency converter 25 carries out 
15 second frequency conversion at the frequency Ii03. 

The band filters 27a, 27b function as the channel 
selection filters to limit the band and extract the desired 
signal (desired wave) . 

The cozEEplex frequency converter 28 is disposed,, 
20 instead of the conventional frequency conversion processing 
section 12, to carry out the digital signal processing for 
removing the offset provided at the local oscillator 5' by 
the receiver conversion to output the in-phase and qpiadrature 
component signals . 
25 The demodulation processing section 29 performs the 

demodulation processing in the same manner as the 
conventional base band demodulation section 11. 



[0086]: 

Next, a concrete operation in, the concrete 
configuration example of the digital signal processing 
section 20' shown in PIG. 4 will be described based, on the 
operation principle . 

Inside the digital signal processing section 20,, the 
digital signal from the AD converter 9 is delayed by the 
delay unit 61, the digital signal from the AD converter 10 is 
HILBERT-converted by the HILBERT filter 62 , and both the 
signals are added by the adder 63- to reject the image signal. 
[0087] 

The output. Vlppo2 of the low pass^ filter 8 is 
converted to the digital signal from the analog signal by the 
AD converter 10, and a signal Vhilo HILBERT-converted by the 
HILBERT filter 62 is represented by the following equation. 

Vhilo = {- (K*Vi*Vc) /2}#cos(C0si+G)Af) t 
+ { (K«Vs»Vc) /2 } •cos ( coAf-cOss) t 

[0088] 

Moreover, an output Vmd of the adder 63 is 
represented by the following equation. 

Vrdd. = YLPEor + Vhilo 

= { (K*Vi*Vt) /2 } *cos (a)si+G)Af ) t 

+ { (K«Vs*Vc) /2 } •cos (0)Af -COss) t 
+ { - (K^Vi^Vc) /2 ) •cos (CDsi+CDAf ) t 

+ { (K^Vs^Vc) /2 } •COS ((DAf -cags) t 
= (K^Vs^Vc) •COS (iCOss-o>Af ) t 
[0089] 
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It is to be noted that when a relation between the 
image signal (©si) and received desired wave signal (cOss) is 
reversed, the adder 63 is replaced with subtraction, and the 
image signal c«ui similarly be rejected. 
Vadd(sub) =■ Vlpfoi. ~ Vino 

= { (K*Vi»Vc) /2 } •cos (cOsi+coAf ) t 

+ {; (K«Vs»Vc) /2 > «eos (<OA£-o>ss) t 
- {- (K»Vi*Vcy /2)*cos(<Dsi+a)Af) t 

- { (K«Va«Vc)/2 ) «cos{<»Ae-<0ss) t 

= (K*Vi»Vc) •cos (Ogi-CDAf) t 

[0090] 

In. the above equation, the. image signal. ((Dsi) is 
extracted. However, since the SYobol of- an initially defined 
variable is as such, the received desired wave signal can be 
extracted assuming that the relation between the image signal 
(cosi) and the received desired wave signal (©ss) is reversed. 
[0091] 

Siabsequently , the output signal of the adder 63 from 
which the image signal has been rejected is repeatedly 
subjected to the frequency conversion, rate conversion, and 
image rejection via the coo^lex frequency converters 22 to 25, 
finally filtered by the band filters 27a, 27b to extract the 
desired signal, converted by the offset frequency Af by the 
complex frequency, converter 28 to <d>tain the in-phase and 
quadrature outputs necessary for the demodulation processing, 
and subjected to the demodulation processing by the 
demodulation processing section 29. 



[0092] 

The output Vadd of the adder 63 described above in 
the equation is filtered by the band filters 27a, 27b, and an 
output Vbpp converted by the offset frequency Af* by the 
demodulation processing section 29 is^ represented by the 
following equation in. complex numeral. 

Vbpf = (K*Vs*Vc)*e^<°^^^-"^>W<"^>^ 
= (K#Vs*Vc)*e^^^^^^'' 

Accordingly, the targeted desired wave signal can be 
demodulated . 

[0093] 

Next, the concrete configuration example of the 
HILBERT filter 62 of the present invention will be described 
with reference to FIG. 5- FIG. 5 is a block diagram showing 
the concrete configuration example of the HILBERT filter 62 
in the direct conversion circuit of the present invention. 

The HILBERT conversion processing is 90-degrees 
phase shift processing in which frequency characteristics can 
be represented by the following equation. 

H ( jco) = e'^"/^ = -j (0 ^ O) < 71) 

+ j (7C ^ CO < 2n) 

[0094] 

Then, H(jO)) is subjected to inverse Fourier 
conversion to obtain a filter coefficient hk as represented 
in the following equation. Additionally, -oo < k < oo. 

h]c = 0 (k: even' number) 

2/ (kTc) (k: odd number). 
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[0095] 

ln< actual, in the HII.BERT filter 62 which realizes 
the HILBERT conversion processing, a configuration and 
operation are implemented in which a tap length of the filter 
5 is rimite* to a finite length and a window function is 
multiplied by a transmission function. 

That is, for the concrete configuration example of 
■aie HILBERT filter 62 of the present invention, as shown in 
FIG. 5, tJie odd number of delay units 30 are successively 
LO connected, and divided into front-stage and rear-stage groups 
symmetrically centering on the central delay unit 30. A 
plurality of adders 31 for subtraction with respect to the 
input signals of the delay units 30 in the front-stage group 
and the output signals of the delay units in the rear-stage 
15 group in a syimnetric relation, and an adder 31 for the 

subtraction with respect to the input and output signals of 
the central delay unit Me disposed to carry out the 
subtraction. A subtraction result is multiplied by a HILBERT 
coefficient by a multiplier 32 , and multiplication results 
20 are added by an adder 33. 
[0096] 

By the above-described configuration, the HILBERT 
filter 62 is odd-number symmetrical centering on an origin 
(central delay unit 30) . Therefore, the subtraction result 
25 of the input/output of the delay units. 30 in the, symmetric 

relation is multiplied by the filter coefficient,, and added. 
Accordingly, the number of. multipliers 32 can be 1/2 of that 
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of delay units 30, and the constituting load o£ the hardware 
can remarkably be reduced. 
[0097] 

Furthermore, as described above in the. equation, 
5 when k is= the even number, tlie filter coefficient h)c is 0- 
Therefore, when the multiplication is not carried out, the. 
number of^ multiplications in the multiplier 32. can further be 
halved, and it is possible to remarkably reduce the load o£ 
the processing. 
10 [0098] 

Next, the concrete configuration example of the 
con^lex frequency converters 22 , 25 of the present invention 
will be described with reference to FIG. 6. FIG-. 6 is a 
block diagram showing the concrete configuration example of 
15 the coisplex frequency converters 22, 25 in the direct 
conversion circuit of the present invention. 

For the concrete configuration example of the 
complex frequency converters 22,. 25 in the direct conversion 
circuit of the present invention, as shown in FIG. 6, there 
20 are disposed: an SIN table 40 and COS table 42 preset in. 
accordance, with, the frequency to be subjected to the 
frequency conversion (e.g., L02 for the complex frequency 
converter 22, L03 for the complex frequency converter 25); a 
multiplier 41 which multiplies the input signal by the value 
25 of the SIN tabler 40 to output the in-phase component; and a 
multiplier 43 which multiplies the input, signal by the value; 
of the COS table 42 to output the quadrature component. 



[0099] 

Furthermore, there are disposed: att SIN table 44 and 
COS tatole 45 preset to finely adjust the frequency converted 
by the above-described: configuration; multipliers^ 46, 47 
which multiply an in-phase ccmiponent output, from the 
multiplier 41 by values of the SIN table 44 and COS table 45, 
respectively; multipliers; 49, 48 which multiply a quacfaature 
component output from the multiplier. 43 by the values of the 
SIN table 44 and COS table 45, respectively ;/ a subtracter 50> 
which performs subtraction with respect to the outputs, of the 
multipliers 46 and 48; and an adder 51 which adds up the 
outputs of the multipliers 47 and 49., 

Here, the^ complex: frequency converters 22, 25 
correspond to a third frequency conversion section as claimed, 
the inner configuration including the SIN table 40 and COS 
table 42 correspond to a first SIN table and first COS table, 
and the SIN table 44 and COS table 45 correspond to a second 
SIN table and second COS table-. 
[0100] 

In the operations of the^ complex frequency 
converters 22, 25 in the direct conversion circuit of the 
present invention, the. image-rejected signal outputted from 
the. previous-stage: image rejection processing section is 
inputted into the multipliers 41 and multiplier 43, 
multiplied by the: values^ of the SIN table 40 and COS table 42 , 
and subjected to the frequency conversion, at the conversion 
frequency L02 or L03 to output the in-phase and quadrature 
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conqponents . 

DOlOl] 

The. outputs of the multipliers 41 and 43 are 
inputted into the multipliers 46, 47, 48,, 49, multiplied by 
5 the values of the SIN table 44 and^ COS, table 45", and 

frequency-converted for. micro frequency adjustment by the. 
processing of the subtractor- 50 ausd ackier 51 . 
[0102] 

It is to be noted, that tdie dota>le wave is removed' 
10 from and after the outputs of the multipliers 46 and 4.7, and 
frequency precision can be secured. In this case, without 
disposing the configuration including the SIN table 44 to the 
adder 51 , the outputs of the multipliers 41 and 43 can be the 
in-phase and quadrature outputs. 

15 [0103] 

Next, the concrete configuration exao^le of the 
conplex frequency converter 28 of the present invention will 
be described with reference to FIG. 7. PIG. 7 is a block 
diagram showing the concrete configuration example of the 
20 ccii5>lex frequency converter 28 in the direct conversion 
circuit of ^e present invention. 

In the concrete configuration exaaiple of the conplex 
frequency converter 28 in the direct conversion circuit of 
the present invention,, as shown in FIG. 7, there are 
25 disposed: the SIN table 44' and COS table 45 preset to remove 
the offset provided at the local oscillator 5 (^.g. , L04) ; 
the multipliers 46,. 47 which multiply the in-phase component 



input (i-phase input) by the values of the SIN table 44 and 
COS table 45, respectively; the multipliers 49, 48 which 
multiply the quadrature contponent input (Q-phase input) by 
the values of the SIN table 44 and COS table 45, 
respectively; the subtracter 50 which performs the- 
subtraction with respect to «ie outputs of «ie multipliers; 46 
and 48 ;; and the adder 51 which adds up the outputs of the 
multipliers 47 and 49. 
[0104] 

The configuration of the complex frequency converter 
28 shown in PIG. 7 is basically the same as that of the 
complex frequency converters. 22, 25 shown in FIG. 6, but is 
different in that the input signals are already the in-phase 
(I) signal and quadrature (Q) signal.. 
[0105] 

Moreover, the values preset in the SIN table 44 and 
COS table 45 are used in the frequency conversion for 
r^oving the offset Af provided at «ie, local oscillator 5 . 
The offset is finally removed by the operation of the complex 
frequency converter 28, and the desired wave signal is 
extracted and oui^utted to the danodulation processing 
section 29. 

[0106] 

it is to be noted that in general with the increase 
of a carrier frequency, the processing load increases in- the 
multiplication processing of «ie carrier: wave. Therefore,, a 
multiplication processing portion of the carrier wave is 
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preferably constituted using a field programmable gate array 
(FPGA) , and another portion is- preferably constituted using a 
digital signal processor (DSP) . 
[0107] 

5 Moreover V when «xe direct conversion circuit of the: 

present invention is realized using the DSP, the multxplierv 
adder, and^ subtracter may also be: realized by the software.. 
[0108] 

It is to be noted that in. FIGS. Z, 4 , after the band 
LO is limited (channel is selected) by the band filters 27a, 27b, 
the complex frequency converter 28 converts the frequency of 
the offset, but this> ord^r of the frequency conversion and 
channel selection may also be reversed. 
[0109] 

Furthermore, FIG. 2 shows a configuration in which 
the image rejection processing section, complex frequency 
converter, and rate conversion processing section are 
combined in one set and two sets are continuously disposed. 
However, the three components do not have to be necessarily 
20 combined in one set. As shown in FIG. 4, the rate conversion 
processing section in the^ second stage may also, be omitted. 
[0110] 

According to the low-IF type direct conversion 
circuit according to tdie first embodiment, of the. present 
25 invention, after the image rejection is carried out by the 
image rejection processing sections 21 by the digital signal 
processing, in the digital signal processing section 20, the 
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complex frequency converter 22 converts the frequency to 
reduce the frequency. Furthermore, after the rate conversion 
processing, section 23 lowers the^ sampling frequency, the band 
filters* 27a, 2:7b limit the band of data of the low sampling 
5 frequency for the: channel selection to extract the desired 
signal (desired wave) . Therefore hardware addition of tJie 
bcuid filters 27a,. 27b is reduced, and further the addition of: 
the processing; can. also effectively be reduced. 
[01111 

IQ Moreover, further following the first stage;, the 

image rejection processing section 24 , complex frequency 
converter 25, and rate conversion processing section 26 are 
disposed,. Then, the sampling frequency is further lowered, 
and the band filters 27^, 27b limit the band with respect to 
15 the data of the sampling frequency for the channel selection 
to extract^ the desired, signal (desired wave) . Therefore, the 
hardware addition of the band filters 27a, 27b is further 
reduced, and further the addition of the processing can also 
effectively be reduced. 
20 [0112] 

Furthermore , in the- direct- conversion circuit of Wie 
present invention, the image rejection processing is multi- 
staged, but the sampling frequency is lowered to carry out 
the. processing. Therefore, the processing load does not 
25 increase in the image rejection: processing, and the image 
rejection ratio can effectively be^ improved. 
[0113] 



According to the low-IP type direct conversion 
circuit of the first embodiment of* the present invention, 
with respect to the signal, of the image frequency generated, 
at the time of the multiplication o£ the local oscillation 
frequency on a transmission side, the image rejection is 
carried out by the digital signal, processing in the digital 
signal processing section 20 . In. the conventional art,, since 
the analog processing is carried out,, the^ imag^ rejection 
ratio is not sufficient, and. the limit: of the ratio has^ 
heretofore been about 40 dB. Oiti the other hand,, the digital 
signal processing has an effect that the image rejection, 
ratio can be improved to;^ about 60 dB . 
[0114] 

Moreover, since the image rejection is carried: out 
by the digital signal processing, the load of the hardware is 
small,, and the processing load can also effectively be 
reduced. 

[0115] 

In; the concrete configuration for the image 
rejection,., with respect to the digital signal including the 
in-phase and quadrature ccmiponent signals multiplied by the 
output of the local oscillator 5 ' , the phase of the 
quadrature component, signal is shifted by 90° by the HILBERT 
filter 62,. and the in-phase component is. delayed by the delay 
unit 61. Subsequently, the addition (stib tract ion) is carried 
out by the adder 63 to reject the image signal. Therefore, 
the image rejection can effectively be realized with the 



simple configuration. 
[0116] 

Moreover, in. the- configuration inside the HILBERT 
filter. 62 for realizing the images rejection, the odd nuxnber? 
of delay units 30 are successively connected/ and dividiad- 
into the front-stage and^ rear-stage groups symmetrically 
centering on; the central delay unit 30 . There are disposed: 
a plurality of adders 31 for the addition, or subtraction with 
respect to^ the; input' signals of; the delay units of the front:-' 
stage group of the delay units 30 and the output signals of 
the delay units of the. rear-stage group in. the symmetric 
relation; and the adder 31 for. the addition or subtraction 
with respect to the input and output signals of the central 
delay unit to carry out the addition or subtraction. The 
addition or subtraction result is multiplied by the HILBERT 
coefficient by the multiplier 32, and multiplication results 
are added by the adder 33. Therefore, the input/output of 
the delay unit 30 in the symmetric relation is subjected to 
the acblition or sxib traction, and multiplied by the filter 
coefficient. When the. results are added, the number of 
multipliers 32 can be 1/2 of* that of delay units 30, and 
there is an effect that the constituting load of the hardware 
can. remarkably be^ reduced. 
[0117] 

Furthermore, as the characteristics of the filter 
coefficient in the HILBERT filter 62, the even-numbered 
coefficient is zero (0). Therefore, it is assumed that the 



multiplication is not performed. Then, there is an effect 
that the number of multiplications is fur«ier halved and the 
load of the processing can remarkably be reduced. 
[0118] 

According to the direct conversion circuit of the 
first, embodiment of the present invention.,, in the complex 
frequency converters 22, 25, the SIN table 40 and COS table: 
42 predetermined so as to perform the frequency conversion 
processing are used to multiply the input signal by the. value 
of the SIN table 40 by the: multiplier 41 so that the in-phase 
component signal is outputted. Moreover, the multiplier 43 
multiplies the input signal by the value of the COS table 42 
to output the quadrature component signal.. Therefore, the 
frequency can effectively be with the simple 
configuration/processing . 
[0119] 

Moreover, in the complex frequency converters 22., 25, 
the SIN table 44 and COS table 45 predetermined so as to 
perform the frequency conversion processing at" a micro 
frequency are used to. multiply tiie. in-phase component signal 
from the multiplier 41 by. the value ofr the SIN table- 44 by 
the multiplier 46. Moreover, the multiplier 47 multiplies 
the in-phase contponent signal from the multiplier- 41 by the 
value of the COS table 45, the multiplier 48 multiplies the 
quadrature coasponent signal from the multiplier 43 by the 
value of the COS table 45, and the multiplier 49 multiplies 
the quadrature component signal- from the multiplier 43 by the 
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value of the SIN table 44. The outputs from the multipliers 
46 and 48 are sxabj acted to the subtraction by the subtracter 
50, and the outputs from the multipliers 48 and 49 are added 
by the adder 51. Therefore, the: micro adjustment of tJie 
5 frequency can effectively be car ried-out with good precision. 
[0120]. 

According to the. direct conversion circuit of the 
present invention, in the complex frequency converter 28, the 
SIN table 44 and COS table 45 predetermined so as^ to perform 
10 the frequency conversion processing for removing the offset 
provided at the local oscillator 5' are used to multiply the 
in-phase component signal from the multiplier 41 by the value 
of the SIN table 44 by the multiplier 46 . Moreover, the 
multiplier 47 multiplies the in-phase component signal from 
15 the multiplier 41 by the value of the COS table 45, the 

multiplier 48 multiplies the quadrature component signal from 
the multiplier 43 by the value of the COS table 45, and the 
multiplier 49 multiplies the quadrature component, signal from 
the multiplier 43 by the value of the SIN table 44. The 
20 outputs from the multipliers 46- and 48 are subjected to the 
subtraction by the subtracter 50,, and the outputs from the 
multipliers 48 and 49 are added by the adder 51. Therefore, 
there is an effect that the frequency offset can precisely be 
removed with the sisiple configuration/processing. 
25 [0121] 

When the direct conversion circuit according to the 
first embodiment, of the present invention is used in the 



receiver, the receiver can effectively be constituted so. as 
to improve: the image rejection ratio, and to further reduce 
the hardware configuration and the processing load. 
[0122]; 

Next, the receiver including- the direct conversion 
circuit according to a second embodixaent of: the present 
invention will be described. 

For the receiver, including the^ direct conversion 
circuit; according^ to the second enibodiment of the present 
invention, the local oscillator for oscillating the carrier 
wave^ at the frequency including the reception frequency and 
offset is used to receive the digital signals of the in-phase 
c<Mi?>onent and quadrature conqponent which are detected in the 
quadrature manner . By the digital signal processing , a phase 
deviation correction processing section detects and corrects 
a phase deviation from the inputted digital signal including 
the in-phase and quadrature coiaponents . Af ter an anqplitude 
deviation correction processing: section detects^ and corrects 
an amplitude deviation, the image rejection section rejects 
the image frequency signal included in the received signal. 
Therefore, while the loads of. the hardware and processing are 
reduced, the phase and amplitude deviations caused by the 
analog device are corrected, and the. image rejection ratio 
can be enhanced. 

[0123] 

The principle configuration of the direct conversion 
circuit according to the second embodiment of the present 
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Invention is shown in EIG. 1 in the same manner as in the 
first embodiment. For the received signal inputted via the 
aerial wire, the signal of a desired, frequency band is- 
extracted in accordance^ with, the required band or attenuation 
level by the band pass- f ilter (BEF)- 1. The signal is 
linearly amplified at a predetermined amplification factor 
necessary for the receiver by the (low noise) amplifier 2. 
[0124] 

Moreover:,, the received signal amplified, by the^ 
amplifier 2 is multiplied (frequency-converted) by the 
carrier wave at the frequency including the reception 
frequency from the local oscillator 5 and a given offset 
frequency in the multiplier (mixer) 3 to output the in-phase 
component. Furthermore, the signal is multiplied (frequency- 
converted) by the carrier wave obtained by shifting the phase 
of the carrier wave from the local oscillator 5' by 90** by 
the 90° phase shifter 6 in the multiplier (mixer) 4 to output 
the quadrature component. 
[0125] 

Subsequently,^ for the in-phase and quadrature 
coxuponents, the signal of the frequency component obtained by 
adding the received signal frequency and local oscillation 
frequency is removed by the low pass filters 7, 8, the analog 
signal is converted to the digital signal by the AD 
converters 9, 10, and the in-phase and quadrature outputs of 
the digital signal are obtained. 

[01261 
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Here, prior to description of details of the 
characteristic part of the second embodiment of the present 
invention, the operation principle of a method for rejecting 
the image signal by the complex frequency conversion, which 
5 is one of ~ methods for re jec ting theimage signal by the- 
digital signal processing, will be described.. 

Ther operation principle of the receiver shown in FIG: 
1 will be described. A desired frequency signal Vd(t) and 
images frequency signal Vu(t) are inputted as the received 
10 signal into the band pass filter (EPF) 1 via the aerial wire 
This EPF prevents the receiver from being saturated by the 
input of an intense signal,, which is different from a 
selection function of Uie receiver. It is to be noted that 
the desired frequency signal and image frequency signal are 
15 assumed as the carrier wave signals, but the same applies to 
a general modulated wave signal. 
[0127] 

In FIG. 1, assuming that: 

the desired frequency signal, is 
20 Vdc(t).=2cos (ffldt) -expi j (ffldt) }+exp{- j (©dt) } ; 

the image frequency signal is 
Vu(t)=2cos {G>ut)=exp{ j (<Dut) }+exp{-j (a>ut) } ; 

the local oscillation frequency signal is 
Vi;(t)=2cos (a)i,t)=exp{ j (coLt) }+exp{-3 (a)i.t) } ; 
25 a>d-o>L = <^± (intermediate frequency in low IF) ; and 

©L-cOu = Oi (intermediate frequency in low IF) , 
the outputs of the multipliers (mixers) 3 and 4 are 



represented by the following equation in a coniplex numeral 
display . 

[exp{ j ((Odt) }+exp{-j ((Ddt) }+exp{ j (a>u.t) }+eaq>t-j (cOut) } ] [exp{-j (col 
t)}] 

=exp{ j (C0d-©L) t}+exp{ - J (cOd+coi.) t}+ea^{ j (<Du-a>i.) t}+eaq>t- j ((Ou+Ol) t} 
=exp { j (©it) } +exp j (G)d+CDL) t } +exp { - j (to^t X K+exp j (IOu+(Ol) t > 
[0128] 

Subsequently, the components (0d+<^) and (G>ii:t-a>L> are 
removed by the. LPFs 7 and 8: behind the multipliers (mixers) 3 
and 4, and the following equation results^ 

exp{ j (coit) }+ea^{ - j (a>it) } 

[01291 

Subsequently, the analog signal is converted to: the 
digital signal by the AD converters 9 and 10 behind the LEFs 
7 and 8 , and inputted into a digital, signal processing 
section 20' . 

[0130] 

In the digital signal processing section 20 ' , with 
the method for rejecting the image signal by the complex 
frequency conversion, the following equation results by tiie 
con^lex frequency conversion corresponding to the image 
rejection. 

[expij (©it) }+exp{-j (®it) }] [expi-j (©±t) }] 
= base band signals [exp{-j (2©i.t) }I 
A desired base band signal is obtained by the LPF, and the 
like after the complex frequency conversion.. 

[0131] 



However, in the above equation, with respect to tiie 
in-phase component into the. AD converter. 9 from the 
multiplier (mixer) 3, and the quadrature component into the 
AD converter 10 from the multiplier (mixer) 4 , the amplitude 
deviation between, systems caused by the analog multiplier.,- 
and the phase deviation between in-phase and quadrature 
systems, caused mainly by the phase error, of th&. 90° phase 
shifter 6 exist*. In. actual , this depends on devices 
(multipliers 3, 4 smd 90^ phase shifter. 6) of the analog 
processing for use. 
[0132] 

In FIG . 1 assuming that a gain of the multiplier 
(mixer) 3 is Ai, a gain of the multiplier (mixer) 4 is A2, an 
input signal via the aerial wire with A2/A1 = g is 
X (t) =cos (a>ot+e) , and an output £xom the local oscillator 5 ' 
is cos(a)c't) («9c' t=2iifc' t) , the outputs passed through tiie 
LPFs 7 and 8 are as follows. 

y (t) = x.( t) [cos (<0c ' t) - jgsin (®o ' t=A<|))' ] 

= cos (Cttet+G) [ cos, (coc ' t) - j gsin (cOc ' t+A<|>) ] 
= (1/2) [expij (<Bc' -a>c) t-ej (1/2) [l-gexp{ jA<|>} ] 
+ (1/2) [exp{ j (<Dc-a)c' ) t+G] (1/2) [l+gexp{ -jA<|>} ] 
[0133] 

Here, assiaming that fc: desired wave signal frequency, 
fu: image wave signal frequency,, the following results, 
fc- fo' = fo'- fu. = Af 
[01341 

A first term of the above equation indicates a 



signal coniponeiit generated as the imag^ signal, and a second 
term indicates a signal coniponent generated as the desired 
wave . 

Assuming thafc the image frequency signal component 
in FIG'. 1- is the input signal x(t) = co»(Ci>ot+9)^ (here,- aJot+O 
= 27ifbt) via the aerial wire,, similarly the first term 
indicates the signal contponent generated as the image signal, 
and the second term, indicates the signal component generated 
as the desired wave. 
C0135] 

Accordingly,, an image rejection ratio (power) R isr 

r2 = [l+g2-2gcos (-Ail)) ] / [•l+g^+2gcos (A<|>) ] 

In an example, in order to secure an imag^ rejection 
ratio of about 60 dB or more, a deviation g of the multiplier, 
(mixer) needs to be set. to 0 .01 dB, and a phase error of the 
90" phase shifter needs to be about 0.05° or less. 
[0136] 

Even with. the. use of the metiiod for rejecting the 
image signal by the frequency conversion of the digital, 
signal processing, which has heretofore been used in the low- 
IF type receiver., the: multipliers (mixers)' 3, 4 and 90° phase 
shifter 6 perform the analog processing, the image rejection 
is not carried out in consideration, of the phase and 
aa^litude errors generated by the analog processing. 
[0137] 

To solve the problem, the digital signal processing 
section 20 ' which is the characteristic part of the second 
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embodiment of the present invention is constituted to perform 
the image rejection in considieration of even the phase and 
anplitude errors generated by the analog processing. This 
will- concretely be described witii reference to PIG. 8. FIG. 
8 is a block diagramv showing, a first configuration exanple. 
inside the digital signal processing section: 20' in the 
direct conversion circuit according to. the second embodiment 
of the present invention. 
[0138] 

The first configuration example of- the digital 
signal processing section 20' in the direct conversion 
circuit according tc the second embodiment of the present 
invention is constituted of: an amplitude correction 
processing section 121 which corrects the amplitude in the 
analog processing; a phase correction processing section 122 
which corrects the phase in the analog processing; a complex 
frequency conversion section. 124- and low pass filters (LPP in 
the drawing) 125, 126 to carry out the image rejection 
processing and. frequency conversion- processing which have 
heretofore been performed;, and finally a demodulation 
processing section 129 which performs the demodulation 
processing . 

[0139] 

Next, the operation of the direct conversion 
processing in the low-IE type receiver according to the 
second embodiment of the present invention will be described 
with refiarence to FIGS. 1, 8.. 



In tana low-IP type receiver of the present invention, 
for the received signal inputted via the; aerial wire, the 
signals other than the signal of the frequency band for use 
are rejected in accordance with the required band or 
attenuation level, by the: band pass filter (BPF)- 1, and the. 
signal is linearly amplified at. the predetermined 
amplification factor required for the receiver in the (low 
noise) amplifier 2 . 
[03.40]; 

Moreover, the received signal amplified by the (low 
noise), amplifier 2 is multiplied (frequency-converted) by the 
carrier wave at the frequency including the reception 
frequency from the local, oscillator. 5" and the offset 
frequency in the multiplier (mixer) 3 to output the in-phase 
component. Furthermore, the signal is multiplied (frequency- 
converted) by the carrier wave obtained by shifting the phase 
of the carrier wave from the local oscillator 5' by 90° by 
the 90° phase shifter 6 in the multiplier (mixer) 4 to output 
the quadrature, component . 
[0141] 

Subsequently, for the inr-phase and quadrature 
components, the frequency components which are about twice 
the inputs and outputs of the local oscillator 5 ' are 
attenuated by the low pass filters 7 and 8 (the sum of the 
input signal frequency and the output frequency of the local 
oscillator): . The analog signal is converted to the digital 
signal by the AD converters 9 and 10 to obtain the in-phase 
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and quadrature outputs: of the digital signal. 
[0142] 

Mbreover, the in-phase and quadrature outputs of the 
digital signal are inputted into the digital signal 
processing section 20 • . First, the- amplitude correction 
processing section 121 and phase correction processing 
section 122 perform Uie correction processing of the 
ainplitude and phase deviations between tiie in-phase and 
quadrature signals - The coniplex frequency conversion section 
124 and low pass filters 125, 126 corresponding to the image 
rejection processing and frequency conversion processing 
reject the. image signal . The signal whose central frequency 
includes the offset frequency is converted to a base band 
whose central frequency is 0. The demodulation processing 
section 129 performs the demodulation processing to output 
the demodulated signal. 
[0143] 

The amplitude correction processing section 121 
detects the ainplitude deviation generated in the analog 
devices such as the multipliers 3; and 4 and the 90° phase 
shifter 6 in the front stage by the characteristics, and 
corrects the deviation in accordance with the detected result. 

The phase correction processing section 122 detects 
the phase deviation generated by the analog devices such as 
the multipliers 3 and 4 and. the 90" phase shifter 6 in the 
front stage by the characteristics, and corrects the 
deviation in accordance with the detected result. 



It is to be noted that, details of the amplitude 
correction processing section 121 and phase correction 
processing; section 122 will be described* later. 

[0144] 

In the first confi^rationr example shown in FIG. 8, 
the phase correction processing section 122 is disposed next 
to the aniplitude correction processing section 121 . However, 
the ainplitude correction processing section 121 and phase 
correction processing section 122 perform the processing 
independently of each other. Therefore, as shown in PIG. 9, 
in the digital signal processing section 20 ' , the phase 
correction processing section 122 is disposed to first 
perform, the phase correction processing. Next, the aatplitude 
correction processing section 121 may be disposed to perform 
the amplitude correction processing (second configuration 
example) . PIG . 9 is a block diagram showing the second 
configuration example inside tiie digital signal processing 
section 20' in the direct conversion circuit according to the 
second embodiment of the present invention. 

Moreover, only one of the amplitude correction 
processing section 121 and phase correction processing 
section 122 may also be disposed. 
[0145] 

Here, the inner configuration example of the complex 
frequency conversion section 124 inside the digital signal 
processing section 20' of the present invention will be 
described with reference to FIG. 10. FIG. 10 is a block 



diagram showing the xnner. conf iguration exainple' of the 
complex frequency conversion section 124 inside the digital 
signal processing section 20' of; the present invention. 

In the. coinplex frequency- conversion section 124 of 
the present invention, as shown in PIG. 10, there are 
disposed: an. SIN table 141 and COS table 142 preset so as to 
remove the. image; multipliers 143 and 144 for multiplying the 
in-phase coii5>onent input (i-phas« input) by the values of the 
SIN: table 141 and COS table 142,. respectively; multipliers 
146 amd 145 for multiplying the quadrature component, input 
(Q-phase input) by the values of the SIN table 141 and COS 
table, 142, respectively; an adder 147 for. performing the 
subtraction (addition) with respect to the outputs of the 
multipliers 143 and 145; and an adder 148 for performing the 
addition (subtraction) with respect to the outputs of the 
multipliers 144 and 146. 
[0146] 

In the operation of the complex frequency conversion 
section 124 in the direct conversion circuit of the present 
invention, the signals of the in-phase and quadrature 
coo5>onents subjected to the phase and amplitude corrections 
and outputted from, the phase correction processing section 
122 and amplitude correction processing section 121 in tli& 
front stage are inputted into the multipliers 143, 144, 145, 
146. The signals are multiplied by the values of the SIN 
table 141 and COS table 142. The frequency is converted by 
the processing of the adders 147 and 148 to remove the image. 
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[0147] 

Moreover, the values preset in the SIN table 141 anA 
COS table 142 are used in the frequency conversion for 
removing the image. The offset is finally removed, by the 
5 operations of the subsequent low pass filters 125, 126, and. 
the desired wave signal is extracted and outputted to the 
demodulation processing section. 129.. 
[0148] 

It is to be noted that, in, general with the. increase' 
10 of the carrier frequency, the processing load increases in 

the multiplication processing of the carrier wave. Therefore, 
the multiplication, processing portion of the carrier wave is 
preferably constituted using the field programmable gate 
array (FPGA) , and the other, portion is preferably constituted 
15 using the digital signal, processor (DSP) . 
[0149] 

Moreover, when the direct conversion circuit of the 
present invention is realized using the DSP, the multiplier, 
adder, and subtracter may also be realized by the software. 

20 [0150] 

A third configuration exan^le in which the image 
rejection processing is performed by the HUBERT filter in 
the digital signal processing section 20' of the present 
invention will be described with reference to PIS. 11. FIG. 

25 11 is a block diagram showing the third configuration exainple 
using the HILBERT filter instead of the complex frequency 
conversion processing section 124 of FIGS. 8, 9 with respect 



- 61- - 



to the portion for performing the image rejection processing. 

[0151]; 

In the digital, signal processing section 20' of the 
present invention, after the correction processing in the 
5 amplitude, correction processing, section: 121. and phase- 
correction processing, section 122, an image rejection 
processing section 123 performs the image rejection 
processing. In the inner configuration example, the image 
rejection processing section, includes a HUBERT filter 131, 
10 delay unit 132, and adder 133. 
[0152] 

The HILBBRT filter 131 is a finite impulse response 
(FIR) filter for performing HILBERT conversion processing and 
phase shift processing to shift the phase of the input signal 
15 by 90 degrees. It is to be noted that the concrete 

configuration example is a known technology and therefore the 
description thereof is omitted. 
[0153] 

Mbreover, the configuration is not limited to the 
20 HUBERT filter and another configuration may also be used as 
long as the phase shift processing is performed to shift the 
phase of the input digital signal by 90 degrees . 

In a simulation result using the HILBERT filter, it 
has been confirmed that an image rejection ratio of 60 dB is 
25 obtained as a large effect, and the use of the HILBERT filter 
is therefore considered to be preferable. 
[0154] 
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The delay unit 132 delays the xnput signal by the 
delay time corresponding to the processing delay time in the 
HILBERT filter 131. 

The adder 133 performs the addition or subtraction 
with, respect to the- quadrature* component signal whose phase 
has been shifted by 90"* by the HII3ERT filter 131 and the in- 
phase component signal delayed by the: delay unit 132 . 
[01551 

It is to bes noted that in the digital signal 
processing section 20 ' shown in PIG. 11 the signal image- 
rejected and outputted from the image rejection processing 
section; 123 is frequency- converted by a complex frequency 
conversion section 127 . The band is limited by a low pass 
filter 128a or 128b, and the signal, is demodulated by the 
demodulation processing section 129. 

[0156] 

It is to be noted that the I-PFs 128a and 128b of FIG. 
11 are different from: the LPFs 125, 126 of the configurations 
of FIGS. 8, 9 in the function and capability, and are 
unnecessary in principle, and can be included in the function 
of the demodulation processing section 129 .. 
[0157] 

Next, a fourth configuration example in which the 
image rejection processing, is performed by a coiaplex 
coefficient filter in the digital signal processing section 
20 ' of the present invention will be described with reference 
to FIG. 12.. FIG. 12 is a bloclc diagram showing the fourth 



- 63- - 



configuration example using the complex coefficient filter 
instead of the conqplex frequency conversion processing 
section 124 of FIGS. 8, 9 and the HILBERT filter of PIG. 11 
with respect to the portion for- performing the image 
5 rejection processing. 

[0158] 

In the digital signal processing section 20' of the 
present invention, an image rejection processing, section 123' 
for performing the image rejection processing: after, the: 

.0 correction processing in the amplitude correction processing 
section 121 and phase correction processing section 122 is 
constituted of- the complex coefficient filter. In this case, 
as shown in FIG. 12, the inner, configuration example, 
includes: coefficient a 151 and coefficient b 152 preset to 

L5 reject the image; multipliers 153 and 154 for multiplying the 
in-phase component input (i-phase input) by the values of the 
coefficient a 151 and coefficient b 152, respectively; 
multipliers 156 and 155; for multiplying the quadrature 
con^onent input (Q-phase input) by the values of the 

20 coefficient a 151 and coefficient b 152', respectively; an 

adder 157 for performing, the subtraction with respect to the- 
outputs of the multipliers 153 and 155; and an adder 158 for. 
addxng the outputs of the multipliers 154 and 156. 

Here, «ie coefficient a 151 and coefficient b 152 

25 correspond to first and second coefficients in^ the claims. 
[0159] 

In the operation of the image rejection processing 



section 123' in the direct conversion circuit, f the present 
invention, the in-phase (I-phase) and quadrature (Q-phase) 
signals subjected to the phase and amplitude corrections and 
outputted from the phase correction processing, section 122 or 
the ampritude correction^ processing section 121 in the- front 
stage are inputted into the multipliers 153,. 154,. 155, 156. 
The signals are multiplied by the values of the coefficient a 
151. and coefficient b 152 , and the conqplex, coefficient filter 
processing is performed by the processing, of the adders 157 
and 158 to reject the image . 
[01601 

Sforeover , the values of the coefficient a 151 and 
coefficient b 152 are= preset for Idie coasplex coefficient 
filter processing performed to reject the image. The offset 
is finally removed by the. operation of the subsequent complex 
frequency conversion section 127 ' , and the desired wave 
signal, is extracted and outputted to the demodulation 
processing section 129. 
[0161] 

Here, the principle^ in realizing; the image rejection 
shown in FIG. 12 by the conqplex coefficient filter will be 
described with reference to FIG. 13. FIG. 13^ is an 
ea^lanatory view showing the principle of image rejection by 
the complex coefficient filter. 

In the complex coefficient filter by thej digital 
processing, as shown in FIG. 13, frequency response of a 
filter which has frequency characteristics* of a real signal 



is shifted in a frequency axial direction (co (or -Oc) in PIG. 

13) and obtained. ' 

In the image rejection processing section 123' of: 

FIG. 12, convolution calculation is performed with respect tO; 

an input signal (x+jfy) of; a complex number and a coefficient 

(a+jb), of the complex coefficient filter.. Therefore, the 

output signal is as. follows. 

(x+ jy) * (a+ jb) = a*x-b*y*j:(a*y+b*x) 

(x denotes the. in-phase. input, y dienotes- the 

quadrature input) (* denotes the convolution calculation) 
[0162] 

Next, the phase correction processing section 122 in 
the digital signal processing section 20 ' , which is the 
characteristic part of the present invention, will be 
described.. 

The phase correction processing section 122 detects 
the phase deviation generated in the- analog devices such as 
the multipliers 3 and 4 and the. 90** phase: shifter 6 in the 
front stage by the characteristics , and corrects the 
deviation in accordance with the detected results. 
[0163] 

The principle configuration example of the phase 
correction processing section 122 of the present invention 
will concretely be described with reference to FIG. 14. FIG. 
14 is a blocic diagram showing the principle configuration 
example of the phase correction processing section 122 inside 
the digital signal processing section 20 ' according to the 
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second onbodiment of th& present invention. 

The phase correction processing section 122 in the 
digital signal processing section 20' of the present 
invention is constituted" of multipliers 161, 162, adder 163, 
5 LPF 164, integrator 165, and multiplier 166 in principle. 

[0164] 

The multiplier 162 multiplies the; in-phase, component 
(I-input) and quadrature coasppnent- (Q-input) of the digital 
signal inputted: into the phase correction processing section 
10 122, to detect the phase deviation . 

The LPF 164., integrator 165, and multiplier 166 
converges the phase deviation detected bx the multiplier 162 
by a control loop. 

The multiplier 162, LPF 164, integrator 165, and 
15 multiplier 166 constitute a portion for detecting and 

controlling the phase deviation by the characteristics of the 
analog device before the digital signal processing section 
20". 

[0165] 

20 The multiplier. 161 multiplies the value of the phase 

deviation converged, by the control loop by the in-phase 
component (Q-input) . 

The adder 163 subtracts the multiplied result of the 
multiplier 161 from the quadrature coinponent (Q-input) to 
25 obtain the quadrature output (Q-output) . 

The multiplier 161 and adder 163 constitute a part 
for correcting the phase deviation by the characteristics of 
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the analog device before the digital signal processing 
section 20>' . 

[0166] 

The operation principle of the phase correction 
processing section 122 in the digital signal, processing 
section 20' of the present invention will be described with 
refiarence to FIGS. 1, B, 14. 

Assuming that the input signal via. tJie aerial wire 
is x(t) = cos (Oct+e) (coct: angular frequency of the diasired 
signal) , the output signal of the local oscillator 5 is 
cos«Dc' t), and phase analog of the 909 phase shif ter 6 is 
gO'^+A^, the in-phase (1) and quadrature. (Q) inputs into the 
phase correction processing section 122 are represented by 
the following equation (here, it is assumed that the 
amplitude. deviation between the in-phase (I) and quadrature 
(Q) inputs is 0 dB) . 
[0167] 

cos (Oct+G) [cos (G)c ' t) - j sin (©c ' t+A4») ] 
= (1/2) {cos «Dc ' -coc) t+G} - j (1/2) [sinf (a>c ' -©g) t+G-A<t>} ] 
[0168] 

Moreover, the multiplier 162 performs the 
multiplication processing of the in-phase (I) and quadrature 
(Q) inputs, and the multiplied result is represented by the- 

following equation. 

I input X Q input = - (1/4) {cos «Dc' -CDc) t+G}sint «Dc' - 

coe) t+G-A<|>} 

= -(l/8)sin.(A<|)) 
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[0169] 

For the input signal , it is assumed that (<0c' -0)c):t+6 
= a and cos (A(t») . 

Input signal= (1/2) {cosa.} - j (1/21): [sin (A(^) cos (ia) +cos (A«|>) sin (Xx) ] 
5 =(1/2) {cosa)- j(l/2) [sin (A^);cos (a) +sin (a) ] 

[0170] 

Here, cos (a) and sin (aO; are- the in-phase (I) and 
quadrature (Q) input signals, and are. therefore I and Q- The 
signals are multiplied by sitt(A<|)) detected as I in. FIG.. 14 

10 (the coefficient is normalized at 1) by the multiplier 161, 

and subtracted from the input signal on a quadrature (Q) side 
by the adder 163.; Mien the input and output signals of I and 
Q are normalized at 1, the output is represented by the 
following equation. 

15 Output signal = {I}-j {Isin(A<|>) -Isin(A«|>)+Q} 

Then, the phase correction processing is carried out. 
[0171] 

It is to be noted that the LPF 164, integrator 165, 
20 and multiplier 166 of PIG. 14 are devices constituting a 

control loop 169, and Qpp is a constant which is inversely 
proportional to a loop, time constant. 
[0172] 

Next,, the anqplitude. correction processing section 
25 121 in the digital signal processing section 20' which, is 

another characteristic part of the present invention will be 
described . 
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The aaipli.tude correction' processing section 121 
detects the amplitude deviation generated in* the analog 
devices such as the multipliers 3 and 4 and the 90° phase 
shifter 6 in the front stage, of the digital signal processing 
5 section: 2:0:' by the characteristics , and- corrects the^ 
deviation in accordance with the deteetedv results. 
[0173] 

Next,, the principle configuration exan^le of the 
ainplitude correction processing section 121 in the digital 
LO signal processing section 20' of the present invention, will' 
concretely be described with reference to FIG. 15. FIG. 15 
is a block diagram showing the: principle conf iguration 
example of the amplitude correction, processing section 121 
inside the digital signal processing section 20' according to 
15 the second embodiment of the present invention. 

The amplitude correction processing, section 121 in 
the digital signal processing section 20' of the present 
invention is constituted of a square unit 171 , multiplier 172 
square unit 173, subtracter 174, I.PF 175, integrator 176, 
20 multiplier 177, and adder 178 in principle. 
[0174] 

The square unit 171 squares the. in-phase component 
(I-input) of the digital signal inputted into the amplitude 
correction processing section 121 . 
25 The. square unit 173 squares the quadrature con^onent 

(Q-input) of the digital signal inputted into the amplitude, 
correction processing section. 121. 



The subtracter 174 performs the subtraction with 
respect to the in-phase component (1-input) square value from 
the square unit 171 and the quadrature coniponent (Q-input) 
square value from- the square unit 173 to detect the aii5>litude 
deviation. 

[0175] 

The LEF 1-75, integrator: 176, and multiplier 177 
converge! the an5>li"tude deviation detected by the subtracter 
174 by the. control, loop. 

The square units 171, 173, subtracter 17.4-, LPE 175, 
integrator 176, and multiplier 177 constitute a part for 
detecting and controlling the amplitude, deviation by the 
characteristics of the analog, device before the digital 
signal processing section 20' . 
[0176] 

The adder 178 subtracts the value of the amplitude 
deviation converged by the control lo<9 from a value 
proportional to the input amplitude (input astplitude 
proportional value) or adds the values. 

The multiplier. 172 multiplies a value' based on the 
amplitude deviation obtained by «ie adder 178 by the in-phase 
component (Q-input) to obtain the quadrature output (Q- 
output) . 

The adder 178 and multiplier 172 constitute a part 
for correcting the anqplitude deviation by the characteristics 
of the analog device in the front, stage of the digital signal 
processing section 20 ' . 



[0177] 

The operation principle, of: the amplitude- correction; 
processing section 121 in the digital signal processing 
section, 20 ' of the present invention will. be. described with 
reference to FIGS^. T, 8> 15-. 

In FIG. 15, assuming that, the gain of. the multiplier 
(mixer) 3 shown< in E16'. 1 is Ai, the gain of the multiplier 
(mixer): 4 is Az, and Ai/Az = Ag, an output: obtained by 
passing the input signal x(t)=cos (fflc' t-H^) from the aerial 
wire through the LPFs 7 and 8 is represented by the following 
eqpaation .. 

[0178.] 

y ( t) = X ( t) [cos (db • t) - j (Ag) sin:(C9e ' t+A<|>) ] 

= cos (coct+G) [cos (coc • t) - j ( Ag) sin {(Oc ' t+A<|») ] 
= cos (0c' -Oe) t+G]:- j [ (Ag)sin (coc ' -coc) t+A<j>-G} ] 
[0179] 

In FIG. 15,. assuming that the in-phase input from 
the previous stage is I, and the quadrature input from the 
previous stage is Q, the outputs of the square units 171 and 
173 are represented by the following equation. 

I* = (1/2.) (l+cos{2 [ (a)c' -0)c) t+G] } 

q2 = ( Ag) 2 ( 1/2 ) (1-cos { 2 [ (coo ' -<0c) t+G+A<|>] } 

[0180] 

Here, with" replacement with Ag=l.+AA, 
Ag*=l+2 AA+AA^ ^ 1+2 Aa .. 
[0181] 

When the component cos{2 [ (cOc' -<0c) t+G] }. is 
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sufficiently attenuated in the liPP 175, the output of the 175 
is represented by the following equation. 

Q^-I^ = (Ag)^(l/2)-l/2%AA (AA^ is ignored because 

1>AA) 

[01821 

The LEF 175 , integrator 176 , and multiplier 177 of 
PIG. 15: are devices constituting a control loop 179, and Gp 
isr a constant inversely proportional to the loop time 
constant. 

When the output (1-AA) of the adder 178 is 
multiplied by the quadrature input (1+AA). on the Q side, the 
following results . 

(1-AA) (1+AA) ->1 (AA* is ignored because 1>AA) 
Then, the error is; conipensated. (Here, I* and are 
normalized at 1 . ) 
[0183] 

The concrete configuration exaaqple of the phase 
correction processing section 122 in the digital signal 
processing section 20 ' according to the second embodiment of 
the present invention is shown in FIG. 16, and> the concrete 
configuration example of the an^litude correction processing, 
section 121 in the. digital signal processing section 20 ' of 
the present invention is shown in FIG. 17. FIG. 16 is a 
block diagram showing the concrete configuration example of 
the phase correction processing section 122 in tJie digital 
signal processing section 20' according to the second 
embodiment of the present invention. PIG. 17 is a block 
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diagram showing the concrete configuration example of the 
amplitude correction processing section. 121 in the digital 
signal processing section 20' according to the second 
embodiment- of the present- invention-. 
[0184] 

Fbr the concrete configuration example of tiie phase- 
correction processing section 122. in the digital signal 
processing section, 20 '• of the present invention, as shown im 
FIG. 16, the LPE 164 constituting the control loop 169 
includes: an adder 183 for adding the outputs of the. 
multipliers 162 and 184; a delay unit 185 fbr delaying the 
output of the adder 183; the multiplier 184 for multiplying 
the output of the delay unit 185 by coefficient 1; and a 
multiplier 186 for multiplying the output of the delay unit 
15 185 by coefficient 2. 

[0185] 

Iforeover, the integrator 165 includes: an adder 188 
for adding the outputs of the LPF 164 and delay unit- 189; and 
the delay unit 189 for delaying the output of the adder, 188. 

20 [0186] 

Similarly, for the concrete configuration example of 
the amplitude correction; processing section 121 in the 
digital signal processing section 20 ' of the present 
invention,, as shown in FIG. 17,. the LEF 175 constituting the 
control loop 179 includes: am adder- 193. for adding the 
outputs of the subtracter 174 and multiplier 194; a delay 
unit 195 for delaying the output of the. adder 193; the 
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multiplier. 194 for multiplying the output of the delay unit 
195 by the coefficient 1; and a multiplier 196 for 
multiplying the output of. the delay unit 195 by the 
coefficient 2.. 

[0187]' 

Furthermore, the integrator 176 includes: an adder 
198 for adding the outputs of the LPF 175 and delay unit 199;. 
and the delay unit 199 for. delaying the output of the adder. 
198. 

[0188] 

It is to be noted that the digital signal processing 
section 20' can be realized by either the hardware which can 
constitute logic circuits such as the field programmable gate 
array (EEGA) and digital signal processor (DSP) or the 
softwaure which performs numeric value calculation.. 
[0189] 

In order to. confirm effectiveness of the present 
invention, a calculator simulation was carried out. For 
conditions of the simulation, a maximum band width was 
assumed to be (1/4) f» (f,: sampling frequency), a. desired 
wave frequency was fi.+fa/24 (fi.: local oscillation frequency), 
image wave frequency was fi,-fa/16, an initial phase deviation 
was 10°, and an initial amplitude deviation was 1 dB. 

The initial phase deviation was 10°, the initial 
aii5)litude deviation was 1 dB;, and the image rejection ratio 
was about 20 dB, when the correction processing was not 
performed. Oh the other hand, when the correction processing 
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was performed, the phase deviation was 0.05*>, and the 
amplitude deviation was converged within, 0 . 01 dB by th» 
correction, processing. It has been confirmed that an image 
suppression ratio of about. 60 dB or more can be realized. 
[0190] 

According to the low-IF typev direct, conversion 
circuit according, to the second- embodiment, of the present 
invention, the amplitude correction processing section 121 
detects and corrects the amplitude deviation (error) caused 
by the devices for the analog processing such as the 
multipliers 3 and 4 and the 90" phase shifter 6 before the 
image rejection processing is performed in the digital signal 
processing section 20" . Therefore., the amplitude deviation 
(error) can be removed without increasing the load of the. 
15 hardware configuration or processing. There is also an 

effect that the image rejection ratio in the image rejection 
processing in the rear stage can be improved. 
[0191] 

Moreover, according to the low-IF type direct 
conversion circuit according to the second embodiment of the 
present invention, the phase correction processing section 
122. detects and corrects the phase> deviation (error) caused 
by the devices for the analog processing such as the 
multipliers 3 and 4 and the 90? phase shifter 6 before the 
image rejection processing is performed^ in the digital signal 
processing section 20;' . Therefore, the phase deviation 
(error) caui be removed without increasing the load of the 
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hardware configuration or processing. There is aiso the 
effect that the image rejection ratio in the image rejection, 
processing in the rear stage can be improved. 
[0192] 

Eurthermore, according to «ie; low-IP t3?pe direct 
conversion circuit according to the: second' fflnbodiment of tJie; 
present invention,, the amplitude correction processing 
section 121 and phase, correction processing section 122 
detect and correct the aii5>litudet deviation (error); and phase 
deviation (error) caused by the devices for; th& analog 
processing such as the multipliers 3 and 4 and the 90° phase 
shifter 6 before the image rejection processing is performed 
in the digital signal processing section. 20' . Therefore, the 
amplitude deviation (error) and phase deviation (error) can 
be removed without increasing the load of the hardware 

configuration or processing. There is also the effect that 

the image rejection- ratio in the image rejection processing 

in the rear stage can be improved'. 

Concretely, the image rejection ratio of about 60 dB 

is possible, which has not heretofore been obtained by the 

conventional analog or digital processing. 
[0193] 

Moreover, according to the low- IF type direct 
conversion, circuit according to the second embodiment of the 
present invention, in the phase correction processing section 
122 in the. digital signal processing section 20 • , the 
multiplier^ 162- multiplies the in-phase component (I -input) by 
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the quacfarature component (Q-inputJ of the inputted digital 
signal to detect the phase deviation- generated in the analog 
devices such as the multipliers 3, 4 and the 90° phase 
shifter 6 in the front stage by the characteristics . The tPF 
164, integrator 165, and multiplier 166 converge the detected 
result of the phase deviation by the control loop. The, 
multiplier 161 multiplies the converged detected result by 
the in-phase conponent (I-input) , and the adder 163 subtracts 
and corrects the multiplied result from the quadrature 
component (Q-input) to output, the quadrature component (Q)i . 
Therefore, by a combination of simple configuration and 
processing, the phase deviation generated in the: analog 
device can be corrected. The phase deviation (error) can be 
removed without increasing the load of Idle hardware 
15 configuration or processing. There is also the effect that 
the image rejection ratio in the image rejection processing 
in the rear stage can be improved. 
[0194] 

Furthermore, according, to the low- IF type direct 
20 conversion circuit according to the second embodiment of the 
present invention, in the amplitude correction processing 
section 121 iii the digital signal processing section 20', the 
square unit 171 squares the in-phase component (I-input) of 
the inputted digital signal, the square unit 173 square the 
25 quadrature- component (Q-input) , and the subtracter 174 

performs the subtraction with respect to both, square results 
to detect the an^litude deviation, generated in the analog 



devices such as the multipliers 3, 4 and the 90° phase, 
shifter 6 by the characteristics. The LEE 175, integrator: 
176, and multiplier 177 converge the detected result of the 
amplitude deviation with the control loop. The adder 178 
subtracts the converged^ detected result from the. value 
proportional to the input- amplitude or adds the values . The 
multiplier 172 multiplies the value based on. the amplitude 
deviation obtained by the. adder. 178 by the in-phase component 
(Q-input) to output the quadrature eooponent (Q) .. Therefore, 
by the combination of the simple configuration and processing, 
the amplitude deviation generated in the analog device can be 
corrected. Since the correction i» carried out by the 
digital signal processing,, the amplitude deviation (error) 
can be removed without increasing the load of the hardware 
configuration or processing. There is also the effect that 
the image rejection ratio in the image rejection processing 
in l^e rear stage- can be improved. 
[0195] 

As» described above in detail, when the image is 
rejected by the digital signal processing in the conventional 
low-IF type receiver, the image is not- sufficiently 
suppressed because of the ainplitude and phase deviations 
(errors) caused mainly by the devices for the analog 
processing, such as the mixer auid 90° phase shifter. The 
defect is inrproved, when, the second, embodiment of the present 
invention is carried out . In the present, invention, in the 
digital signal processing, the amplitude deviation correction 



by the amplitude correction processing section 121 or the 
phase deviation correction by the phase correction processing 
section 122, or, both the. corrections, are performed before the 
image rejections processing. After^ the ainplittade^ an* phase 
deviations caused by the devices for the: ansL^og processing 
are corrected, the image rejection processing is^ performed. 
Therefore , there is an effect; that the low-IE type: receiver 
can be constituted in which tiie digital signal, processing is 
performed without increasing the load, of; the hardware or the 
processing and in which the image, rejection ratio is improved. 
[0196] 

According tO' the present invention, the' band, is- 
limited in the broad band with respect to the received signal 
in the broad band limiting section. The first frequency 
conversion section converts the frequency of the received 
signal limited in the band in a low band at the local 
oscillation frequency including the offset, with respect to 
the reception frequency. The digital conversion section 
converts the received signal whose frequency has, been 
converted into the digital signal at the specific sampling 
frequency. The image* rejection^ section subjects the digital 
signal to the image rejection- processing, the third frequency 
conversion section reduces^ the frequency of the ixaage- 
rejected signal, the rate conversion section lowers the 
sampling frequency, the narrow band limiting section extracts 
the narrow band signal of the. desired wave from, the broad 
band signal whose sampling frequency has been, lowered,, and 
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'bhe second frequency conversion section subjects the 
extracted narrow band signal to the frequency conversion 
processing to remove the offset in the receiver. Therefore, 
the image rejection ratio is: improved.. Furthermore, there, is 
the effect that the load of the hardware or processing for 
realizing the channel selection filter to extract the narrow 
band signal, can be reduced, 
[0197] 

Accordings to the present invention,, a. plurality of 
sets of the image rejection section, third frequency 
conversion' section,, and rate conversion section are 
continuously connected to- constitute: the receiver. Therefore, 
the image rejection ratio is ixnproved. Furthermore, there is 
the effect that the load of the hardware or processing for 
realizing the channel selection filter, to extract the narrow 
band signal can be reduced. 
[0198] 

According to the present invention,, there is 
provided the receiver in which, in the image rejection section 
the quadrature coinponent of the inputted digital signal is 
subjected to^ the HILBERT conversion by the HILBERT filter, 
90-degrees phase shift processing is accordingly performed, 
the in-phase component of the inputted digital signal is 
delayed by^ the same time as tiie delay time in tiie HILBERT' 
filter: by the delay unit, and outputted,. and the adder 
performs the addition or the subtraction with respect to the 
outputs from^ the HILBERT. filter and delay unit. Since the 
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image' frequency signal is rejected by the digital signal 
processing, the image rejection ratio can effectively be 
ixnproved . 

^0199] 

5 According to; the present invention,, there is 

provided the receiver in. which the. rate conversion section is 
the decimation filter: for lowering/ the samplings frequency by 
the decimation-in-time processing.. Theref ore,, the^ image 
rejection ratio is improved.. Ftar.thermorev there is an effect 
10 that the load of the hardware or. processing for realizing the 
channel selection filter; to extract the narrow band signal by 
the. sunple configuration can be reduced.. 
[0200] 

According to the present invention, there is 
15 provided the receiver in which the digital signals of the in- 
phase and quadrature coxnponents detected in the quadrature 
manner using the local oscillator for oscillating the carrier 
wave at the frequency including the offset with respect to 
the reception frequency are inputted, the phase deviation is 
2 0 detected and corrected from the inputted digital signals of 
the in -phase and quadrature components by the digital signal 
processing by the phase deviation correction processing 
section,, and subsequently the. image f requency signal included 
in the received signal is rejected by the image rejection 
25 section. Therefore,, while the load o£ tiie hardware or 

processing is reduced,, the phase deviation caused by the 
analog device is corrected, and the image rejection ratio can 
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effectively be improved. 
[0201] 

Accordxng to the present invention , there is 
provided the receiver in which the. digital signals of the in-^ 
5 phase' and' quadrature components diatected in the: quadrature 

manner, using the local oscillator for oscillating the carrier 
wave afe the frequency including the offset with respect to 
the reception frequency are inputted, the amplitude deviation 
is detected and corrected from the. inputted digital signals 

10 of the in-phase and quadrature components by the digital 
signal processing by the amplitude deviation correction 
processing section,, and subsequently the» image frequency 
signal included in the received, signal is rejected by the 
image rejection section. Therefore, while the load of' the 

15 hardware or processing is reduced, the amplitude deviation 
caused by the analog device is corrected, and the image 
rejection ratio can effectively be improved. 
[0202] 

According to the present invention, there is 
20 provided «ie low- IF t^^e receiver in which the amplitude 

deviation correction processing section for correcting the 
amplitude deviation and the phase deviation correction 
processing section for correcting the phase deviation are 
disposed, with respect, to the digital signal,, and the dLmage 
25 rejection section subjects the digital signal having the 
amplitude and phase diaviations corrected, to: the; image 
rejection processing.^ Therefore, while the load of the. 
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hardware or processing is reduced, the amplitude and phase 
deviations caused by the analog device are corrected, and the 
image rejection ratio can effectively be improved. 
[0203] 

According to the present invention>/ there^ is^ 
provided the receiver in which the phase deviation correction, 
processing^ section multiplies the in-phase component by the 
quadrature* component of the inputted digital signal to detect 
the phase deviation, tlie detected phase dsviatiom is* 
multiplied by the in-phase component, and the multiplied 
result, is subtracted from the quadrature component to output 
the quadrature coniponent.. Therefore., while, the load of the 
hardware or processing is reduced by the; simple configuration 
and processing, the phase deviation caused by the analog 
device is corrected, and the image rejection ratio can 
effectively be improved. 
[0204] 

According to the present invention, there is. 
provided the receiver in which the amplitude deviation 
correction processing section calculates: the^ asiplitude 
deviation by the value, of the difference between the square 
values of the in-phase and quadrature con^onents of the 
inputted digital signal, and the value of the amplitude 
deviation, subtracted' or added with respect- to. the: value 
proportional to* the input amplitude is multiplied by the: 
quadrature component to output the quadrature component*. 
Therefore, while the load of the hardware or processing is 
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reduced by th& sxznple configuration and processings^ the 
amplitude deviation caused by the, analog device is corrected, 
and the image, rejection ratio; can effectively be improved. 



